VOL. 51 + NO. 9 


SecretaRay 
AWW'A’s Man 


as of Tuesday, 


Faust 
I rida) 


Sep 


/ 


SEPTEMBER 1959 


AMERICAN 
WATER WORKS 
ASSOCIATION 





Two parts—Part 1 (AWWA Directory is Part 2) 


SAN FRANCISCO SUPPLY 


Purnes 


BOND ISSUE CAMPAIGNS 


Eastman 


FLUORIDATION IN MAJOR US CITIES 
Ingram, Moore 


LEGAL ASPECTS OF UTILITY OPERATION 


Taylor 


ELECTRONIC BILLING AT ST. LOUIS 


Briscoe 


CONSTRUCTION OF FILTRATION PLANTS 


Gordon, Salter, Williams, Spicer 


MANUAL ON WATER METERS 
AWWA M6 


OHIO GROUND WATER QUALITY 
Norris 


CORROSION INHIBITION 
Beecher, Dinkel, Corwin 


ROLE OF CORROSION ENGINEER 


Beermann 


SIGNIFICANCE OF CHLORINE RESIDUALS 
Baker 





The Mathews Modernized Hydrant 
Supplies the 4 Fundamental 
Requirements for 
Effective Community Protection 


and many other quality features, too 


@ Replaceable barre! for maximum effi- 
ciency—quickly replaced in case of 
accident without excavating 





@ Head revolves 360°; simply loosen bolts 
and rotate 


@ Stuffing box plate cast integrally with 
nozzle section—eliminates extra part 
and provides positive, leakproof con- 
struction 


@ Operating thread, protected by stuffing 
box plate, operates free of rust, sedi- 
ment and ice 


Also... Nozzle sections supplied with hose 


or pumper outlets as specified - Operating 
thread cannot be bent - Compression-type 
main valve prevents broken Mathews from 
leaking « Nozzle level can be raised or 
lowered without excavating « Bell, mechan- 
ical-joint, or flange-type pipe connections 
e Conventional or ‘‘O”’ ring packings 


Made by 


R. D. WOOD COMPANY 


Public Ledger Building, Independence Square, 
Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 
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its the 
upkeep eow 


Competitive bidding on water works projects has brought the 

price of comparable pipes of different specified materials to 

a nearly common level. Today, the important consideration 

for the buyer is not so much the first cost as the main- 
tenance charges which continue throughout the life of 
the pipeline. 


Seal 
= 
> 


In any such comparison, the superiority of LOCK JOINT 
CONCRETE PRESSURE PIPE is demonstrated by 

the experience of hundreds of municipalities. 

For example, records of one of the 

country’s largest industrial cities indicate 

only minor maintenance or repair charges 

in the last 10 years against more than 

18 million inch feet of LOCK JOINT 

CONCRETE PRESSURE PIPE in its 

water works system. 


Your city, too, can virtually elim- 
inate maintenance expense, 
and save many times the 

initial installation cost 
with Lock Joint Concrete 
Pressure Pipe. 


East Orange, New Jersey 
Sales Offices: Chicago, Ili. - Columbia, S. C.-Denver, Col. - Detroit, Mich 
Hartford, Conn. - Kansas City, Mo. - Perryman, Md. 
Pressure - Water - Sewer - REINFORCED CONCRETE Pipe - Culvert - Subsqueous 
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THE OPEN AND SHUT CASE AGAINST 
DISAPPEARING WATER DOLLARS! 


OP Yu + Covidence Butterfly Valves 


Solve Major Community Problem! 


Water is money .. . yours, your client’s or your community’s! 
The valves which control the flow of this vital commodity can 
steal a high percentage of your investment . . . through faulty 
seating, leaking stuffing boxes, or delayed control of “frozen” 
valves. 

Builders AWWA Standard Butterfly Valves prevent loss of 
valuable water for any of these reasons . . . and operate easily 
after long periods in one position . . . provide long, trouble-free 
service .. . are easy to install. 

If water means money to you, your client or community, in- 
vestigate Builders bubble-tight AWWA Butterfly Valves . . 
built by the specialists in water and sewage works equipment 
who offer ONE SOURCE-ONE RESPONSIBILITY. Request 
Bulletin 650-R2. Write B-I-F Industries, Inc., Utilities Sales, 
3u Harris Ave., Providence 1, R. I. 


@ 


B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE + PROPORTIONEERS + OMEGA 
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DIRECTLY SUPPORTING 
THE INDUSTRY’S 
ADVANCEMENT PROGRAM 


Johns-Manville brings you an 


entirely new concept of evaluating 


your community’s needs... 





Gives unique step-by-step method for water 
service evaluation and trouble-spotting. 

Uses case histories to show how improved 
water service can benefit your community. 


Tells how to make your community want— 
and approve—water system improvements. 


“PRICELESS WATER . . . it’s your business” 
is written expressly for water utility man- 
agers, engineers, public officials—all those 
business and community leaders who are 
alert to the basic contribution good water 
makes to the life and economic well-being 
of a community. 


The result of months of study, plan- 
ning and research—“*PRICELESS WATER” 
is edited in four sections: 

Section One, ‘‘How good water service 
benefits your community ,”’ gives you needed 
“ammunition” to convince the most skep- 


Ew! 84-page book tells you how 


to get better water service for your 


tical of the many advantages of good water 
service. It shows how improved water 
service affects property values and insur- 
ance rates. How an efficient water system 
wil] attract business. How a poor system 
turns it away! This section tells ho 

entire communities have benefited by wate 
improvements. 

Section Two, ‘‘How to evaluate you 
water system,”’ is edited for water and tow 
planning officials. It is a new, step-by 
step method for water service evaluation 
It shows how you can quickly and easil 
evaluate the efficiency of everything fro 
community water supply, treatment and 
distribution to metering, staff facilities and 
operations. 

Section Three, ‘‘How to turn evaluatio 
into improved water service,’’ tells when 4 
preliminary engineering survey is needed 
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community! 


hen and how to retain a consulting 
engineer. How to use his report as a 
pringboard for action. Fiscal agents, and 
hen and how to use them. Also contains 
h helpful explanation of various financing 
ethods. 

Section Four, ‘‘Arousing the public to 
ction,”’ is an easy-to-follow, success- 
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proven handbook on public relations. It 
tells how a soundly conceived PR program 
can sell your community on water service. 

In short, “PRICELESS WaTER” is the 
hard-hitting tool you need to get your 


community the improved water gi 

service it needs. Send the cou- 

pon for your free copy, now! . Ad 
é 


--- JOHNS -MANVILLE--- 


BOX 14 JN, NEW YORK 16, N.Y. 


Please send me without obligation “PriceLess WATER’. the new 
84-page water advancement brochure which Johns-Manville has 


prepared as a public service. 


Name 


Title 





Address 





City Zone 





State 











COMING 


Coming Meeting 


MEETINGS 





AWWA SECTIONS 


Sep. 14-16—Kentucky-Tennessee 
Section, at Lafayette Hotel, Lexington, 
Ky. Secretary, J. Wiley Finney Jr., 
Howard K. Bell, Cons. Engrs., 553 S. 
Limestone St., Lexington, Ky. 


Sep. 16-18—New York Section, at 
Saranac Inn, Upper Saranac Lake. 
Secretary, Kimball Bianchard, Nep- 
tune Meter Co., New York Branch 
Sales Office, 2222 Jackson Ave., Long 
Island City. 


Sep. 16-18—North Central Section, 
at Pick-Nicollet Hotel, Minneapolis, 
Minn. Secretary, L. N. Thompson, 
Gen. Mgr., Water Dept., St. Paul 2, 
Minn. 


Sep. 23-25—Michigan Section, at 
Bancroft Hotel, Saginaw. Secretary, 
T. L. Vander Velde, Chief, Section of 
Water Supply, State Dept. of Health, 
DeWitt Rd., Lansing. 


Sep. 27-29—Missouri Section, at 
President Hotel, Kansas City. Secre- 
tary, Warren A. Kramer, Chief, Wa- 
ter Supply, Div. of Health, State Of- 
fice Building, Jefferson City. 


Oct. 7-9—Chesapeake Section at 
Sheraton-Belvedere Hotel, Baltimore, 
Md. Secretary, Carl J. Lauter, 6955- 
33rd St., N.W., Washington, D.C. 


Oct. 


Pocatello, 


8-9—-Intermountain Section, 
Idaho. Secretary, W. C. 


' Union 


Hague, Chief Engr., Metropolitan Wa- 
ter Dist., 703 Tribune Bldg., Salt Lake 
City, Utah. 


Oct. 14-16—Iowa Section, at Fort 
Des Moines Hotel, Des Moines. Sec- 
retary, J. J. Hail, Supt., Water Dept., 
City Hall, Dubuque. 


Oct. 18-21—Alabama- Mississippi 
Section (with Southwest Section) at 
Roosevelt Hotel, New Orleans, La. 
Secretary, Ernest Bryan, Southern 
Sales Mgr., McWane Cast Iron Pipe 
Co., Box 2601, Birmingham, Ala. 


Oct. 18-21—Southwest Section 
(with Alabama- Mississippi Section) at 
Roosevelt Hotel, New Orleans, La. 
Secretary, L. A. Jackson, Mgr.-Engr., 
Municipal Water Works, Robinson 
Memorial Auditorium, Little Rock, 
Ark. 


Oct. 22-24—-New Jersey Section, at 
Hotel Madison, Atlantic City. Secre- 
tary, A. F. Pleibel, Dist. Sales Mgr., 
R. D. Wood Co., 683 Prospect St., 
Maplewood. 


Oct. 28-29—West Virginia Section, 
at Chancellor Hotel, Parkersburg. 
Secretary, Hugh W. Hetzer, Engr., 
Carbide Chemical Co., Box 
8361, South Charleston. 


Oct. 28-30—Ohio Section, at Bilt- 
more Hotel, Dayton Secretary, Fe 
Howard Bass, M-C-G Co. Ltd., 4942 
N. High St., Columbus 


(Continued on page 10 P&R) 
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There’s always something new at 


ee eee eeeeeet 


As it has for 50 years, Iowa Valve 
Company is continually improving 
its products and facilities. 

These improvements consist of 
new and better materials, more 
modern production methods, and 
improved product designs. 

The latest design change pro- 
vides fluting around hydrant cover 
bolts which make it easier to un- 
bolt. This not only simplifies repair 
and maintenance but adds a neat, 
attractive, streamlined appearance. 

The new Iowa hydrants give the 
same dependable performance and 
proved economy for which Iowa 
products are famous. When valves 
and hydrants enter your plans, be 
sure you have the most up-to-date 
information on Iowa products. 


our 50" vear 
1909 +1959 


IOWA VAtvecomPany / 


Oskaloosa, lowa 


A subsidiary of James B. Clow & Sons, Inc 
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Coming Meestings 


Oct. 30—California Section (Busi- 
ness Meeting) at Hacienda Hotel, 
Bakersfield. Secretary, Roy E. Dod- 
son Jr., Supt. of Production, San 
Diego Water Dept., Balboa Park, San 
Diego. 


Nov. 46—Virginia Section, at 
Hotel Roanoke, Roanoke. Secretary, 
E. H. Ruehl, R. Stuart Royer & As- 


socs., 15 W. Cary St., Richmond. 


Nov. 9—11—North Carolina Section, 
at Washington Duke Hotel, Durham. 
Secretary, D. Y. Brannock, Utilities 
Director, Burlington. 


15-19—Florida Section, at 
Hillsboro Hotel, Tampa. Secretary, 
J. G. Simmons, Plant Supt., West 
Palm Beach Water Dept., Box 1311, 


West Palm Beach. 


Nov. 


Dec. 3—5—Cuban Section, Havana. 
Secretary, Juan Berasategui, Civ. 
Engr., Calle K, No. 303, Apdo. 22, 
Vedado, Havana. 


OTHER ORGANIZATIONS 


Sep. 13-18—American Chemical Society, 
Atlantic City, N.J. 


Sep. 15-18—International Conference for 
the Protection Against Corrosion of 
Structures and Equipment of Hydro- 


Power Plants, Belgrade, 
Write: Secretary, Inter- 
Box 711, Bel- 


electric 
Yugoslavia. 
national Conference, 
grade, Yugoslavia 


Sep. 21-25—Instrument-Automation Con 
ference & Exhibit, Instrument Society 
of America, International Amphitheater, 
Chicago, Ill. Write: H. S. Kindler, 
Director of Tech. & Educational Serv- 
ices, 313—6th Ave., Pittsburgh 22, Pa. 


(Continued from page 8 P&R) 


Sep. 28-Oct. 1—American Welding So- 
ciety, Sheraton-Cadillac Hotel, Detroit, 
Mich. 


Oct. 5—16—Course on “Basic Radiological 

Health,” R. A. Taft Sanitary Engineer- 
Write: 
Chief, Training Program, 4676 Colum- 


ing Center, Cincinnati, Ohio. 


bia Pkwy., Cincinnati 26, Ohio (or to 
USPHS regional office). 
will be repeated Nov. 9-20. 


The course 


Oct. 12-15—Federation of Sewage & In- 
dustrial Wastes Assns., Statler Hilton 
Hotel, Dallas, Tex. 


Oct. 19-23—APHA Annual Meeting, 
Convention Hall, Atlantic City, N.J. 


Oct. 19-23—ASCE Annual Convention, 
Hotel Statler, Washington, D.C. 


Oct. 20-22—ASA National Conference 
on Standards, Sheraton-Cadillac Hotel, 
Detroit, Mich. 


Oct. 26-Nov. 6—Course on “Plankton 
Identification and Control,” R. A. Taft 
Sanitary Engineering Center, Cincin- 
nati, Ohio. Write: Chief, Training 
Program, 4676 Columbia Pkwy., Cin- 
cinnati 26, Ohio (or to USPHS re- 

gional office). 


Nov. 29-Dec. 4—ASME Annual Meeting, 
Chalfonte—Haddon Hall Hotel, Atlantic 
City, N.J. 


Nov. 30—Dec. 4—Exposition of Chemical 
Industries, Coliseum, New York, N.Y. 
Nov. 30—Dec. 11—Course on “Chemical 
Analyses for Water Quality,” R. A. 
Taft Sanitary Engineering Center, Cin- 
cinnati, Ohio. Write: Chief, Training 
Program, 4676 Columbia Pkwy., Cin- 
cinnati 26, Ohio (or to USPHS re- 


gional office ). 





YOU ARE NOT EXPERIMENTING 
when you use 


HERSEY Compound Meters 


All Bronze Case 2” to 6” Inclusive 


Time has proven them the best for the 


accurate registration of all rates of flow 
YOU CAN'T BUY A BETTER WATER METER THAN HERSEY 


HERSEY MANUFACTURING COMPANY 
Established 1859 
sesieaad. won 


BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS 
CHICAGO — SAN FRANCISCO — LOS ANGELES 





THE COAT THAT BUTTONS 
UP BIG SAVINGS 


If you're economy minded—and who isn't—consider 
what a %” protective coating of coal tar enamel can do 
for your steel water pipe line. 

You save on maintenance costs—for this coating 
means years of maintenance-free pipeline service. 

The spun lining of coal tar enamel provides the 
smoothest interior surface, which means a maximum flow of 
water and lowest pumping costs. 

You no longer have to specify over-sized pipe to compensate 
for future corrosion “shrinkage”. Protective coating being 
corrosion proof enables you to save on steel as well. 

To wrap up those savings—specify steel pipe— 
lined and coated with coal tar enamel, of course. 


FABRICATORS 


LP, 
STEEL PLATE FABRICATORS ar” 
ASSOCIATION 105 West Madison Street 


(Oa aller: le lomy ame Lilialel i) 
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Drill and tap a 34” hole in three minutes! 
use the power-operated 


MUELLER® B-100 


Drilling, Tapping and 
Inserting Machine 


Reduce time and effort to a min- 
imum on all of your service con- 
nection jobs by using the new 
Mueller B-100 Machine and Air 
or Electric Power Operator. 

Either type of power operator 
attaches directly to the top of 
the boring bar and to the square 
shank on the top of the feed 
yoke. Tool feed is automatic dur- 
ing the drilling operation. No 
adapters are needed and both 
units are reversible. 

The modern, new “B-100” is 
typical of the attention to detail 
in research, design and engi- 
neering that becomes a part of 
every Mueller product manufac- 
tured for the water industry. 

Write for complete information. 


MUELLER co. (2@)) 27) DECATUR, ILL. 


Factories at: Decatur, Chattanooga, Los Angeles; 
in Canada: Mueller, Limited, Sarnia, Ontario 
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Reilly 


230 K-1 | 


QUICKLY 


adds extra 

staying power 
to 

hot application 

fully plasticized 

enamels 


It creates a bond between fully 

plasticized coal tar enamel and metal 

Reilly that strengthens as it serves... that, 
when properly applied, increases 

the reliability factor of the 

application process on steel pipe and 

tank surfaces to a comfortable 100%. 


Primer ase 
Reilly 230 X-1 Primer is 


. Quick drying, 20 minutes + in clean atmosphere at 70°F. 
2. Non-sagging and non-curtaining. 
3. Economical to use (750 to 1400 sq. ft. gal. coverage) 
4. Derived wholly from coal tar materials. 
sceptable to A.W.W.A. and government standards. 


Specify REILLY 230 A. W. W. A. enamel with 230 X-1 primer. Also, 
soon to come, HS X-1 for Hot Service and QD-X-1 for Intermediate enamel. 


REILLY TAR & CHEMICAL CORPORATION 


1615 MERCHANTS BANK BUILDING 
11 So. Meridian Street Y 
Indianapolis 4, Indiana a 





BETTER ELEVATED WATER STORAGE 
comes in all sizes to serve every need 


Pittsburgh-Des Moines’ resources as pioneer builders of 
steel elevated tanks include every type of structure, in 
every capacity to meet your individual water storage 
needs—fabricated and erected with expert craftsmanship 
and a responsible guarantee of satisfaction. 

Write for our latest ‘‘Modern Water Storage” brochure: 
20 pages of interest and information! 





PUEBLO, COLORADO. 1,500,000 gations 


Pittsburgh-Des Moines Steel Company 
Plants at PITTSBURGH, BALTIMORE, DES MOINES, SANTA CLARA, FRESNO, and STOCKTON, CALIF. 
Sales Offices at: 

PITTSBURGH (25).....3424 Neville island ATLANTA (5). .361 E. Paces Ferry Rd., N.E. 
BALTIMORE (26)....... -Curtis Bay Station DES MOINES (8)...... .. 925 Tuttle Street 
NEW YORK (17).Suite 2721, 200 E.42nd St. DALLAS (1).... ..1229 Praetorian Bidg. 
CHICAGO (3), 628 First Nati Bank Bidg. SZATTLE (1). Suite 332, SOO Wall St. 
EL MONTE, CAL.,..........%. ©. Bex 2012 SANTA CLARA, CAL........631 Alvise Read 
DENVER (2). ..323 Railway Exchange Bidg. 
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This YELLOW STRIPE on 





CLOW Bell-Tite Joint Pipe 


is your guide line to a quick bottle-tight seal 


This circular yellow stripe is painted on the 
plain end of each length of CLOW Bell-Tite 
Joint pipe. It serves as a guide in making up 
the joint, to provide a fast, positive visual 
check that the the joint is completely and cor- 
rectly assembled. 

The edge of the stripe farthest from the 
plain end measures approximately one-half 
inch less than the depth of the Bell-Tite bell. 


Thus, in assembly, the joint is made pressure- 
tight when the stripe is no longer visible. 

The seal is achieved by the use of a single, 
thick-section, high durometer molded rubbe 
gasket. When compressed in position by the 
entering plain end of pipe, it forms a pres- 
sure-tight seal with generous sealing area 
which permits ample deflection to meet casual 
curves or grades. 
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with patented’ Bell-Tite Joint 


* Patent No. 2896!3 


MORE MAIN 
FOR YOUR MONEY 


osts less to buy Costs less to install 


Only one accessory is required to make a 
pressure-tight seal with a CLOW Bell-Tite Joint 
—a single, molded rubber gasket. There are 
no extras—no bolts, no nuts, no followers, no 
couplings. This ec ical pipe is strong, 
tough, uniform and durable for long-life 





underground service. It is available in any 
specified thickness or weight class in accord- 
ance with ASA, AWWA, or Federal specifica- 
tions from 3” to 24”. 


cast 





Assembly is quick, simple and easy. Pressure- 
tight joint is formed instantly by merely in- 
serting the rubber gasket and pushing the pipe 
home to its seat. It can be installed in a wet 
trench and even under water. Rate of installa- 
tion usually is limited only by speed of exca- 
vation. It permits ample deflection for casual 
curves or grades. Bell-Tite Joint pipe is Under- 
writers’ Listed for working pressures up to 
350 psi. Available in diameters up to 24”. 


JAMES B. CLOW «4 SONS, INC. 


201-299 North Taiman Avenue, Chicago 80, lilinols 


Subsidiaries: 
Eddy Vaive Company, lowa Vaive Company, 
Waterford, N.Y. Oskaloosa, iowa 
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SHORT COUPLED 


SERVICE PUMPS 


for any job 








Top performance, high efficiency and 


less maintenance are Write For Free Bulletins: 
s foaled: 2 . : LAYNE TURBINE TYPE 
factors which influence the selection of SERVICE PUMPS_-nO. 300 


: LAYNE PROPELLER AND 
a short coupled pump. Layne Vertical mune ae Paerene see 


Service Pumps fulfiill these requirements 
and offer the advantages of lower instal- J woes carges WC TEM Wer5: Developers 
lation and operation costs, low sub- 
LAYNE MEMPHIS 


General Offices and Factory, 


ment, no priming and less floor space Memphis 8, Tenn. 

LAYNE ASSOCIATE COMPANIES 
demands. For any short coupled pump- THROUGHOUT THE WORLD 
rae : SALES REPRESENTATIVES IN 
ing job. . . specify Layne. MAJOR CITIES 


Water Wells + Vertical Turbine Pumps + Water Treatment 


mergence requirements, simple align- 
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A BATH WAS AN OCCASION in Grandfather's day 

Setting up the tub, heating buckettfuls of 

water was a chore even the fussiest usually 

confined to one day a week—Saturday night 
EVERYDAY (S SATURDAY TODAY. With cl 
pure water... carried through cast iron 
pipe ...the shower or bath today is a: 

pted part of Ameri living. 





FOR WATER, SEWERAGE AN 
U. S. PIPE AND FOUNDRY COMPAN 
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but better than ever today! 


Mine-to-main control assures 
U. S. Pipe quality in service 


Water, harnessed and put to work, is the firmest base on which 
a community can build. 


Water officials are doing an outstanding job keeping the 
nation’s water pitcher filled. Cast iron pipe is their 

most dependable ally. 

To furnish that dependability ... in every detail ... U.S. Pipe 
controls production every step of the way. From mine 

to final shipping U. S. cast iron pipe is subjected to 
intensive quality checks. .. checks to provide long life, 
efficiency, trouble-free service. 


Quality is built into U. S. cast iron pipe. 


CLEANING ORE.U. S. Pipe ore clean MOLTEN IRON in a measured amount VIGHANCE. Specimens of U.S. Pipe 
ing plant at a mine where ore is is poured into a machine ladle, pre- are periodically subjected to a ring 
crushed and passed through sepa- paratory to the start of the centrifugal crushing test in a 200,000 pound 
rators to float off impurities casting cycle universal testing machine 


® 


DUSTRIAL SERVice $EEEEICDID 


ingham 2, Ala. A wholly integrated producer from mines and blast furnaces to finished pipe. 
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ELIMINATE BACK-DROP, 
SURGE AND HAMMER 


When CPV silent, non-slam check valves are 
installed on the discharge of centrifugal pumps, 
the whole system is protected against waste and 
harmful surges. The need for expensive air 
cushions and other anti-hammer devices is 
eliminated. 


Spring-actuated, CPV check valves close auto- 
matically as soon as flow ceases. Back travel, which STYLE “G""—2 to 10” 
can be so damaging, is not required for closing. 











Users report CPV valves easy to install and 
require no maintenance. Unique design includes 
bearing guides on both sides of disc and a full 
flow area in excess of pipe area. The valve oper- 
ates in any position. 


For complete specifications and prices write 


Combination Pump Valve Company, 853 Preston 
Street, Philadelphia 4, Pa. 








STYLE “GB’—6” and up 


osu’ CHECK VALVES 








ON THE HORIZON—A NEW ELEVATED TANK DESIGN 


This new Graver design, appropriately named the Aquatore, is specially designed to 
complement the modern communities and industrial plants now being erected. Less 
maintenance cost, single foundation, low head range, and clean, distinctive appearance 
are a few of the advantages of this 300,000 to 3,000,000 gallon capacity elevated water 
tank. Pumps and other equipment may be installed within the column. The Aquatore 
is another product of Graver research. Write for descriptive literature. 


GRAVER TANK & MFG. CO. 


DIVISION—UNION TANK CAR COMPANY 





Plants and Offices Across America tast CHICAGO, INDIANA 
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Joining pipe the Dresser way... 


only way! 


This battery of steel crosses is in 
the new Clague Road Filtration 
Plant, designed by Havens and 
Emerson, Cleveland, Ohio. The 
Plant will carry a normal flow of 
50-million gpd. Contractor: Hun- 
kin-Conkey Construction Com- 


pany. 


Dresser® Couplings provide the essen- 
tial leeway for bolting up cross flanges 
to valves in tight spots. They’ll take 
deviation caused by settling concrete 
and remain bottle-tight ... permanent- 
ly! Dresser’s vibration-proof proper- 
ties protect valves and other expensive 
equipment, and protect the pipelines, 
too. With a Dresser Coupling, two 
man-minutes per bolt gives you a per- 


Bradford, 
Pennsylvania 
Chicago 
Houston 
New York 
S. San Francisco 
Toronto & Calgary 


MANUFAC 


TURING 


Always the 
easy way... 


The 8-inch, 10-inch and 30-inch 
Dresser-Coupled lines illustrated 
here are part of the system used 
in servicing the Clague Road's ad- 
vanced rapid-sand type filters. 


manent, leak-proof joint that absorbs 
expansion-contraction movement, keeps 
maintenance problems to a minimum, 
and makes repairs easier if and when 
they do become necessary. For a free 
copy of “Dresser Couplings for Fil- 
tration Plant Piping’ and the Dresser 
Sewage Treatment Plants booklet, 
write to Dresser Manufacturing Divi- 
sion, Bradford, Pennsylvania. 


DRESSER 


OiviSion 
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put the 
blame 


Did you hear a lot of customer 
complaints about low water pres- 
sure last summer? After the spring’s 
heavy rains which filled reservoirs 
to the brim all over the country, 
there should be no water shortage. 
The problem probably rests under- 
ground ... mains and distribution 
grids choked by pressure-killing 
tuberculation and corrosion. 

There’s one sure cure for your 
pressure problem ... the Centriline 
Process, Centrilining permanently 
increases carrying capacities in all 
sizes of pipe by eliminating tuber- 
culation and corrosion forever. After 
loose scale and tubercules are re- 
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moved from the pipe, the Centriline 
machine applies a smooth, uniform 
coating of cement-mortar to the 
pipe wall by centrifugal force. Fast 
and economical, Centrilining is ac- 
complished with a minimum of in- 
terruption to surface traffic, since 
the pipes are lined in place and 
excavations are not required at lat- 
erals and services. 

With the introduction this year 
of the new, small diameter Centri- 
line machine, you can permanently 
protect all water lines from 4 to 
144 inches in diameter. Send today 
for our new brochure which fully 
describes the Centriline Process. 


CENTRILINE CORPORATION 


A Subsidiary of Raymond International Inc. 


140 Cedar Street 
New York 6, N. Y, 
WOrth 2-1429 


Branch Offices in Principal 
Cities of the United States, 
Canada and Latin America, 
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SALT STORAGE 


How it can affect design of 
water softening installations 


The method used to store salt must be considered 
when planning a water softening plant. Dry salt 
storage, for example, requires different facilities 
from brine storage. And “wet storage”’ (dry salt 
stored under covering brine) has its own special 
design needs. Whatever method is chosen, however, 
its effect on plant design is greater than ever, since 





more salt and brine are needed in today’s 
higher-capacity softening plants 


If you would like help in planning modern, large- 
scale salt-storage facilities, contact International 
Salt Company. With over 50 years of experience 
and continuing research in all phases of salt handling 








and brine production, International can suggest 
many new and practical ideas in connection with 
salt purchase, storage and dissolving for regenerating 
ion exchangers. This service is impartial and 
comprehensive. It costs you nothing. 


Service and research 











are the extras in 


STERLING SALT 


INTERNATIONAL SALT CO.,INC., SCRANTON 2, PA. « Sales Offices: Atlanta, Ga.* Baltimore, Md. ¢ Boston, Mass. 
Buffalo, N.Y. ¢ Chicago, Ill. ¢ Cincinnati, O. ¢ Cleveland, O. ¢ Detroit, Mich. « Newark, N.J. 
New Orleans, La. ¢ New York, N.Y. ¢ Philadelphia, Pa. ¢ Pittsburgh, Pa. ¢ Richmond, Va. « St. Louis, Mo. 
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She 
SYMBOL OF AUTHORITY 
IN COATINGS SYSTEMS 


POTABLE WATER 
STORAGE UNITS 





310, Gal. Standpipe — 250,000 Gal. Elevated Tank, Holden, Mass. 
Gardiner Water District, Maine 


Two of the many hundreds of installations using 
KING Coatings — INSIDE and OUT... 


KING TANK COATINGS are unique because 

1. They are integrated systems — not merely coats of paint. 

2. They were formulated specially and exclusively for potable 
water storage tanks and are not offered for sale for any pur- 
pose other than tank work. a 

FOR INTERIOR SURFACES 

KING TRIPLE LEADKOTE (basic lead silico-chromate) 

or ZDO-120 (Zinc dust-zince oxide) systems offer defense 

against corrosion, defense in formulation against im- 

proper application. 

FOR EXTERIOR SURFACES 

KING METAL COATERS offer color-fast weather and Send for Bulletin 57070, a 

corrosion resistant protection in 3 Soft Grays and 2 comprehensive 7 page book- 

Greens and Lettering Black, as well as Aviation White let giving full analytical and 

and International Orange for F.A.A. checkerboard pat- application specifications on 

terns. TANK COATER ALUMINUM provides a truly an he De ee 
streakless aluminum finish combining heavy pigmenta- brochure, but a strictly tech- 
tion with a low-acid vehicle for maximum durable nical work. 





KING DIVISION Factory and General Offices 


660 Pleasant St., Norwood, Mass. 


brightness. 

Ds. 
/ sy THE WILBUR & WILLIAMS CO., INC. 
Mn 
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the bigger your pumping problems 


. .. the better your reasons for 


giving them to 


WHEELER-ECONOMY 


You know how big problems can be, in 
selecting pumps for water works reservoir 
service. The Pumps you see here are spec- 
ially desigaed and built to solve such prob- 
lems. They’re 36’ Axial Flow Wheeler- 
Economy Pumps, each of which delivers 
28,000 gpm. And they’ve been in continuous 


JOURNAI 


AWWA 





service for many years with only routine 
maintenance and modest operating costs. 

If you’re puzzled over which pumps to 
use for water works, municipal or industrial 
power plant service, drainage, irrigation or 
flood control, see C. H. Wheeler. Your rep- 
resentative can help you even if you need 
capacities exceeding 220,000 gpm and heads 
of 75 feet. He’ll give you expert advice on 
pump design and construction, and station 
arrangement suggestions you'll find helpful. 


Economy Pump Division 


C. H. WHEELER MFG. CO. 


19th and Lehigh Avenve -¢ Philadelphia 32, Pa. 


Whenever you see the name C. H. Wheeler on a product, you know it’s a quality product 


Centrifugal, Axial and Mixed Flow Pumps » Steam Condensers » Steam Jet Vacuum Equipment » Marine Auxiliary Machinery © Nuclear Products 
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the pr @blem... 


TANKS 
O Problem: Move 30,000 gallons 
O O of sea water per minute 


through aggressive soil and 
O ground water. 

The Project: Magnesium-oxide 
plant for Michigan Chemical 
Company at Port St. Joe, Fla. 
The Engineer: Cunningham- 
Limp Company, Detroit, Mich. 
The Solution: 36” diameter 
Cen-Vi-Ro Water Pipe made 
with sulphate resisting Portland 
Cement and limestone aggre- 
gate; two inches of concrete 
cover for the reinforcing steel; 
six inches of loose oyster shell 
all around the pipe. 

The Result: Service life esti- 
mated at more than 50 years. 





Cen-Vi-Ro Pipe... engineered 
and made to your specifications 

. serves you better. When 
your job calls for concrete pipe, 
call Concrete Pipe Division, 
Vulcan Materials Company, 
Atlanta, Georgia. 


bs aif 


CONCRETE PIPE DIVISION 


AA 


VULCAN MATERIALS COMPANY 
P.O. Box 6226, Station H, Atlanta, Georgias JAckson 4-6244 
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Alum 


...- AS YOU WANT IT FROM 


Cyanamid 


DRY —conforming fully to A.W.W.A. standards in ground, 
rice, lump or powdered grades, bagged or bulk. 


LIQU!ID—for cleaner, easier, more economical operation—in 
tank wagons and tank cars; from nine shipping points. 


THINKING OF CONVERTING TO LIQUID? 


Your costs—and savings—can be quickly and realistically 
determined by a Cyanamid staff with years of conversion 
experience behind them. For product or technical service of any 
kind, call Cyanamid. You'll like the results! 





— CYANAMID _— 





AMERICAN CYANAMID COMPANY 
Process Chemicals Department 
30 Rockefeller Plaza, New York 20, New York 


In Canada: Cy id of Canada Limited, Montreal and Toronto 
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at the Massena, N. Y., intake 
of the St. Lawrence Project 


they've 
Tab-$e-lii-ve 


ROCKWELL 


AWWA 


BUTTERFLY | 
VALVES 


Yes, five 48” diameter Rockwell valves pass- 
ing some 40 million gallons of water daily. 
Two of these valves at the canal intake are 
equipped with extended stems and worm 
gear handwheel units for remote control; 
the three valves in the power plant are 
equipped with hydraulic cylinders and 
4-way control valves. All have Rockwell's 
exclusive Wedge-Lock rubber seat insert for 
drip-tight shutoff. 


There are many such successful Rockwell 
valve installations for water applications. 
Bulletin 581 tells why. 


VALVES 


W. S. ROCKWELL COMPANY 
2609 Eliot Street, Fairfield, Conn, 
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In sizes 3’ to 24” in modern long 
lengths. Bell and spigot, roll-on-joint 
and mechanical joint. 


For water, gas and sewage. 





Underwriters Approved 
Patent Applied For. 











" General Offices— ANNISTON, ALABAMA 


SALES OFFICES 


122 South Michigan Ave., Chicago 3, Ill. 
350 Fifth Ave., New York 1, N. Y. 

905 1006 Grand Ave., Kansas City, Mo. 
18505 W. Eight Mile Rd., Detroit 41, Mich. 
5335 Southern Ave., South Gate, Calif. 





FLUIDICS 


is a Pfaudler Permutit program providing a modern, imaginative approach — plus the special- 
ized materials and equipment — for handling and processing and con- 
trolling more profitably the liquids and gases which are the lifeblood 
of our manufacturing economy. 








FLUIDICS AT WORK 
New pneumatic transmission system 
more accurate, more dependable 





The diagram shows a typical setup for the new 
Simplex system for transmitting rate of flow and 
loss of head to a receiver 


Rate of Flow 
The new Type PN transmitter combines the excep- 
tional accuracy and range of a differential converter 
operated by a mercury float with the traditional 
dependability of pneumatic transmission 

The transmitter consists of a differential converter 
which extracts the square root flow function from a 
primary and then positions a pneumatic motion 
transmitter. The transmitter produces a pneumatic 
3 to 15 psig linear signal. A booster pitot diaphragm 
in the motion transmitter insures a low lag coeffi- 
cient and fast transmission 

Besides getting a linear signal without using 
supplementary pneumatic relays, this new unit 
gives you point accuracy over wide ranges of flow 
with minimum differentials. The booster permits 
accurate transmission over long distances with 
minimum lag. 


Loss of Head 
A Type TD transmitter gives accurate readings to 
within +1%. It uses no stuffing boxes or relay 
valves, so both installation and maintenance are 
simple and economical. 

Connected to Simplex Pneumatic Gauges, this 
new system will give long years of accurate, de- 
pendable, trouble-free service. 


SIMPLEX 


a division of PFAUDLER PERMUTIT INC. 
Specialists in FLUIDICS 


the science of fluid processes 


FLUIDICS AT WORK 





Modulair Flow Controller installs 


as easily as a piece of pipe 


So simple is this new pneumatic rate-of-flow controller, you 
can install it in about the time it takes to install a piece of 


pipe 


The differential producer and the modulator lie in a single 
housing. The actuator is entirely enclosed in a case which 


mounts directly on the housing. 


Result: No complicated piping or drain system to install and 


maintain. 


For a bulletin giving complete specs and performance 
data, write to our Simplex Division, Lancaster, Pennsylvania. 


Ask for Bulletin 951. 


Fast, dependable delivery insured by new plant 
This is the new $2,000,000 home of our Simplex 
Division . . . an ultra-modern plant designed from 
front to back to give you fast, dependable service on 
valves and meters. New manufacturing techniques, 
updated assembly lines and ample manufacturing 
capacity and a complete staff of skilled workers 
have all been planned around the single objective 
of getting your orders to you on time and built to 
your exact specifications. 
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From this cubicle 


comes 


Ye Mie: Belem od mele) ame) d 


Typical A-C pumping installation 
is this one in the District No. 2 


pump performance Water Works at Pueblo, Colorado. 


This master control room of 
Allis-Chalmers pump test floor 
is far removed from public 
works installations. Yet engi- 
neers working here know exact- 
ly what your needs are — and 
which Allis-Chalmers pump 
will best do the job. 
Performance testing like this 
is only one reason why A-C is 
recognized as a full-line leader 
in meeting the pump needs of 
municipals. ‘““Teamed” motors 


Motors and control are also sup- 
plied by Allis-Chalmers 


and control; customized stand- 
ardization of parts and materi- 
als; engineering assistance and 
nationwide service are others. 

Whatever your requirements 
in centrifugal pumps — from 
the smallest to 250,000-gpm 
giants — contact your A-C rep- 
resentative or distributor. Or 
write to Allis-Chalmers, Gen- 
eral Products Division, Mil- 
waukee 1, Wisconsin. 


ALLIS-CHALMERS 


A-5981-PW 
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NOW WE’RE WORKING 
WITH P. V.C.*! 


*It is with real pride that Morgan receives its appointment as one 
of a select group to handle POLYVINYL CHLORIDE PIPE. 


Just what does this mean to the customers being served by Morgan? 
It means that in many cases Morgan will be able to furnish piping 
for water systems and in countless other uses at a fraction of 
former costs, yet in most cases doing the job better and more quickly. 


Space here is too limited to explain the whole story of this revolu- 
tionary, yet time- and test-proven development. Why not contact 
Morgan today to discover if its application can mean a tremendous 
savings in your project still in the planning stage? 


SEND FOR YOUR FREE BROCHURE 
ON FABRICATING METHODS . 


IT WILL SAVE YOU MONEY! 


——— 





fel der- lame} (1-1 Mi ad cele Ol ot tm 
Plastics Division 
(ome R- Bek mm O-f Seem wmen. a 
6700 MORGAN AVENUE « CLEVELAND 27, OHIO « Michigan 1-3240 
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Hagan Coagulant Aid 


proves most economical for 
Wilkinsburg, Pa., plant 


The Wilkinsburg-Penn Joint Water 
Authority plant uses Allegheny river 
water that is high in manganese. Careful 
tests established lime, potassium per- 
manganate and alum treatment to be 
the most effective method for manga- 
nese removal. However, the precipitate 
was finely divided, slow to settle, and 
carry-over of floc clogged filter beds. 
To speed floc settling, the chief 
chemist tried both activated silica, and, 
with State Health Department ap- 
proval, Hagan Coagulant Aid No. 18. 
Both were given laboratory tests and 
plant tests of several weeks’ duration. 
At the end of the testing period, it was 
found that both gave equally good 
results at comparable chemical costs. 
However, the fact that Hagan Coagu- 
lant Aid could be dry-fed, while the 
preparation of the activated silica sol 
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Hagan Coagulant Aids are easy 
to feed. They can be dry-fed 
or fed as a solution. The Wilkins- 
burg plant uses this dry feeder 
to put Coagulant Aid No. 18 
into solution. 


was a time-consuming task, made 
Hagan the obvious choice. 

Nearly two years of usage has proved 
that Hagan Coagulant Aid works well 
with the other treatment chemicals over 
the full range of fluctuation in raw 
water characteristics. These Aids are 
non-toxic, easy to handle and feed, and 
produce a large tough floc that speeds 
settling time and reduces carry-over. 

Write for Bulletin 410-12-2 for infor- 
mation on the complete line of Hagan 


Coagulant Aids. 


CA LG ON COMPANY 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC 


HAGAN BUILDING, PITTSBURGH 30, PA. 


in Canada: Hagan Corporation (Canada) Limited, Toronto 
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a name to remember... 


? 


SERVICE REQUIREMENTS! 


Whatever the service requirements of your water well, you can 
depend on Halliburton for the services and tools that are engi- 
neered to increase the life and yield of your reservoir. Halliburton, 
world leader in well techniques and equipment, offers the 
following services: 


CEMENTING ... For maximum protection of natural per- 
meability and porosity of the producing formation and 
casing; minimized migration of fluid. 


FRACTURING AND ACIDIZING... Effective application of 
propping agents and chemicals for stimulation and in- 
creased yield, by enlargement of flow channels or removal 
of restrictions. 


HYDRO-SONIC REDEVELOPMENT... A proven technique that 
provides fast, efficient and economical treatment of water 
supply wells by means of controlled sonic shock waves and 
high frequency bubble agitation. 


> FORMATION TESTING ...Tools and techniques specifically 
designed for more accurate reservoir evaluation... for 
evaluating potential. 


SALES PRODUCTS AND MATERIALS... Halliburton offers 
a wide variety of field-tested, well-proven tools and 
materials developed to help make your water well a 
profitable producer. 


Whatever the type of your water well... potable, irrigation or 
industrial supply... whatever the nature of your well’s service 
requirements, you can rely on Halliburton for outstanding service 
There are 284 Service Camps ready to serve you. 


For the Service Camp address nearest you, write or call... 


HALLIBURTON OIL WELL CEMENTING COMPANY 


DUNCAN, OKLAHOMA 
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TIME-SAVING COMBINATION 
LEAK DETECTOR-PIPE LOCATOR 


THE M-SCOPE MASTER 
Electronic Witch Combination 


You’re looking at the much-talked-about of use and portability, make this instrument 
NEW M-Scope ... the only dual-purpose that one of the most welcome contributions to 
detects leaks and locates pipe. Its rugged, the water works industry. 

highly efficient electronic circuit, plus ease 


Quick 
Facts 


FINDING A LEAK 
UNDER PAVEMENT 


For greatest convenience and reliability, the built-in battery tester for instant checking 
M-Scope MASTER is equipped with a of battery condition in the field or elsewhere. 
WRITE TODAY FOR SPECIFICATIONS AND PRICE! 

} 


Ale Ry Place your next order with POLLARD 


POLLARD NEW HYDE PARK + NEW YORK 


es Gas Building, Ch 


964 
Branch Offices 
333 Cendie: Buiiding Atlonta, Geer 


PIPE LINE EQUIPMENT 


E LINE EQUIPMENT 
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What’s the best way 
of getting water 
from here... 





” 


(turn the page) 
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CAST IRON PIPE 


America's greatest water carrier 


Why do we say that? 


This year, as every year, more miles 
of underground cast iron water 
mains are in use than all other kinds 
of pipe combined. 


Furthermore, more miles of cast iron 
water mains are now being pur- 
chased and laid than of any other 
kind of pipe. 


Yes, cast iron is always the favorite. 
A recent impartial survey showed 
that consulting engineers and water 
utility officials prefer cast iron pipe 
for underground water distribution 


Installation of 2000 feet of 12-inch Y 2" overwhelming majority. 


mechanical joint cast iron pipe along : es 
state highway. Cast Iron Pipe Research Association, 


Thos. F. Wolfe, Managing Director, 
3440 Prudential Plaza, Chicago 1, Ill. 


~*~ 


Eight-inch cast iron pipe ready forin- Installation of 60-inch flanged pipe and 
stallation of 2-main water system in fittings for circulating condenser water 
new subdivision, in a power plant. 
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Additions to a municipal water system What are its advantages ? 


totaled 116,080 feet of slip-on joint cast 

iron pipe in 6-, 10- and 12-inch sizes. e Long life. The cast iron pipe you in- 
stall today will be performing economi- 
cally a hundred years from now. 
High-capacity flow. Cement-lined cast 
iron pipe will deliver the full-rated flow 
all through the years. No other pipe, 
size for size, can carry more water. 


Corrosion resistance. Long life proves it. 
Most water utilities are still using the 
first cast iron pipe they installed. 


Great beam strength. Cast iron pipe re- 
sists the effect of heavy traffic, shifting 
soils. 


Tremendous load resistance. Six-inch 
cast iron pipe (Class 150) withstands 2 
load of nearly nine tons per foot! 


Pressure-tight joints. You have a com- 
plete choice of leakproof, easy-to-as- 
semble joints. You need a minimum of 
tools and work crew. 
Ease of tapping. No tapping saddles 
needed. Takes threading best of all 
kinds of pipe. 

Private water company main extension 

of 6-inch slip-on joint pipe for housing --£00d reasons for you to choose 

development. 


CAST IRON PIPE 


THE MARK OF THE 100-VYEAR Fire 
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THE V-NOTCH 
MEETS FUTURE 
DEMANDS, TOO 


| Calendar | 








They tell us it’s a growing America. Prien 


It is. Wy | 

Ai 
You know already you’ll need to expand wl! 
to keep pace with demand. 


That’s why the V-notch Chlorinator has 
such tremendous range. The precision 
shaped groove in a V-notch plug is made 
to control chlorine completely to one 
eight-hundredth of the maximum ca- 
pacity of your machine. In fact, this 
is standard in some of the V-notch 
chlorinators. 





Your W&T representative will help you 

size your V-notch chlorinator so that 

when your treatment needs step up—you 

simply snap in the next size rotameter. 

Without buying a new machine, you get 

the same quick, accurate control in a 4 Booklet. “The V-notch 
new working feed range. Story” will tell you about all 


s ; the W&T V-notch Chlorinator 
And, of course, the right plastics make features. For your copy 


the whole chlorinator chlorine-proof. write Dept. S-133.05 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET, BELLEVILLE 9,NEW JERSEY 
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San Francisco’s Water Supply 


James H. Turner 


A paper presented on Jul. 14, 1959, at the Annual Conference, San 
Francisco, Calif., by James H. Turner, Gen. Mgr. & Chief Engr., 


Water Dept., San Francisco, Calif. 


HAT part of San Francisco known 

as the Farallon Islands, 32 mi 
west of the mainland, was discovered 
in 1542 by Juan Rodrigues Cabrillo. 
It was 227 years later that Don Caspar 
de Portola and his followers first saw 
San Francisco Bay. 

The Presidio of San Francisco and 
the mission that was called San Fran- 
cisco and is now known as Mission 
Dolores—the first settlements in the 
area—were dedicated in 1776. The 
name San Francisco was first used 
by Carmeno, in 1591, when he re- 
named Drake’s Bay, calling it Puerto 
de San Francisco. 

Following the Presidio and the mis- 
sion, a settlement was made on the 
bay at Telegraph Hill and was called 
Yerba Buena. This village was or- 
dained San Francisco in 1847, and 
incorporated in 1850. After the dis- 
covery of gold in 1848, the population 
was reduced from nearly 900 to fewer 
than ten persons. From that time on 
the population increased rapidly until, 
in 1860, the first census recorded 


56,802 residents in San Francisco. 
That figure rose to 775,357 in 1950 
and is now estimated to be nearly 


805,000. 


Early Water Supply 


Local springs and wells furnished 
San Francisco with an adequate water 
supply until 1851, when a company 
was formed to bring spring water from 
Sausalito in barges. It was delivered 
in carts and sold on water routes 
to subscribers by the bucketful and 
barrelful. 

These sources sufficed until 1857, 
when the San Francisco Water Works 
began operations. Lobos Creek, a 
small stream flowing through the Pre- 
sidio, was tapped, and its water was 
delivered by flume and tunnel to the 
Black Point pumps, at the north end 
of Van Ness Ave., where it 
pumped to the Lombard and Francisco 
reservoirs, both of which are still in 
use. These reservoirs, in turn, fed a 
distributing pipe system, which ex- 
tended throughout the settled portion 
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of the city. Some of these pipes, laid named after a spring located within 
in February 1859, are also still in use. the square formed by Clay, Washing- 
The first organized supply provided ton, Powell, and Mason Streets. The 
2.0 mgd. utility’s first supply, 200,000 gpd, came 

In 1851, the Mountain Lake Water from Islais Creek and was transported 
Co. attempted to develop the waters through flume and pipeline from near 
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Fig. 1. San Francisco Water Department System 


Shown above are locations of the principal reservoirs and distribution storage facilities 
discussed in the text. Lake Honda is for emergency use only and Balboa and San 
Antonio reservoirs are future facilities. 


of Mountain Lake and Lobos Creek Mission Street to a reservoir at 16th 

without much success. Litigation be- and Brannan Streets. 

tween them and the San Francisco The Spring Valley Water Works, 

Water Works ended in the former’s having more vision and enterprise than 

going out of business in 1862. its competitor, secured water rights 
In 1860 George Ensign organized and property for reservoirs and pipe- 

the Spring Valley Water Works, lines in San Mateo County as the city 
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of San 
quate supply, tranmission, storage, and 
distribution facilities. 

The first large distribution reservoir 
for the town, called Laguna Honda, 
was constructed in 1861 and received 
water from Pilarcitos Creek in 1862. 
This water was brought 32 mi by grav- 
ity through a redwood flume to the 
reservoir. Lake Honda, as it is now 
called, was put on a standby, emer- 
gency supply basis on completion of 
the north basin of Sunset Reservoir in 
1938 (Fig. 1). The Pilarcitos Dam 
of today was started in 1864, com- 
pleted in 1866, and was raised in 
1874. 

In 1865 the Spring Valley Water 
Works absorbed the San Francisco 
Water Works, thus gaining a monop- 
oply. This condition lasted until 1930, 
when the city purchased the Spring 
Valley properties and took on the re- 
sponsibility of providing water to the 
634,394 people in the city, as well as 
to communities in San Mateo and Ala- 
meda counties. 

Pilarcitos Dam was followed by 
construction of San Andreas Dam in 
1868-70, upper Crystal Springs Dam 
in 1877, and the Lower Crystal Springs 
Dam in 1888. Lake Merced, a spring- 
fed lake within the present city limits 
of San Francisco, was put into service 
in 1877. This completed the original 
development of peninsula sources of 
supply. 


Francisco sought more ade- 


Municipal Ownership 


Beginning in 1867, friction between 
the Spring Valley Water Works and 
the consumers in San Francisco started 
a movement which resulted in its pur- 
chase by the city in 1930. In 1875 the 
city was advised to secure water rights 
and lands on Calaveras Creek, a branch 
of Alameda Creek in Alameda and 
Santa Clara counties. To forestall the 
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city’s acquisition of a source for its 
own use so close to home, the Spring 
Valley Water Works bought those 
rights and lands as well as others on 
the Alameda Creek system. Water 
was first brought to the city from the 
Niles Canyon in 1888, the Sunol 
gravels and Pleasanton wells in 1890, 
and the company completed Calaveras 
Dam in 1925, all as part of that system. 
The defeat of the municipal-ownership 
proposal in 1875 resulted in an aban- 
donment of the idea for a time. A 
new city charter became effective in 
1900, however, stating that the public 
utilities “shall be gradually acquired 
and ultimately owned by the city and 
county.” This mandate was the au- 
thority for the board of supervisors 
to order the city engineer to make a 
survey of possible water sources. 


Appropriations and Development 


In 1901 the city engineer reported 
fourteen possible water sources. The 
Tuolumne River system, later called 
the Hetch Hetchy system, was chosen 
because it provided : 


A good quality of water 


l. 
y 


The largest safe yield available 
3. The best reservoir sites 

4. Freedom from conflicting legal 
claims 

5. Power possibilities. 

Appropriations of the waters of the 
Tuolumne River and its tributaries 
were therefore made by the city under 
California laws. 

The reservoir sites 
Stanislaus National Forest and in 
Yosemite National Park, the latter 
under the jurisdiction of the Depart- 
ment of Interior. On Oct. 16, 1901, 
application was filed for permission to 
construct the dams and necessary con- 
duits and to use the reservoir sites. 
Permission was denied on Jun. 20, 


were in the 
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1903, by Secretary of the Interior 
Hitchcock on the ground that he lacked 
the authority to make such a grant. 
The city continued its efforts to secure 
the necessary permission, being inter- 
rupted for about a year by the earth- 
quake and fire of 1906. Secretary of 
the Interior James R. Garfield re- 
opened the proceedings in San Fran- 
cisco on Jul. 24, 1907. He approved 
the 1901 application on May 11, 1908, 
and his act became known the 
“Garfield Permit.” 

The permit, which granted the city 
rights-of-way for conduits, dams, and 
reservoirs, was revocable under certain 
conditions and subject to certain re- 
strictions. On the basis of the permit, 
the people of San Francisco voted a 
$600,000 bond issue on Nov. 12, 1907, 
and another for $45,000,000 on Jan. 
14, 1910. These amounts were to have 
built the complete Hetch Hetchy sys- 
tem. A department called Hetch 
Hetchy was set up in the department 
of public works to plan, design, con- 
struct, maintain, and operate the proj- 
ect under the direction of the city 
engineer. 

On revocation of a part of the Gar- 
field Permit on Feb. 25, 1910, the city 
decided to go to Congress for a grant 
of the desired privileges. That year 
the city had a new plan prepared in 
which the entire Hetch Hetchy project 
was redesigned for a greater capacity, 
along very bold lines and according to 
more advanced engineering practices. 

President Taft in 1910 appointed a 
board of Army engineers to investigate 
the sources of water that might be used 
by San Francisco. Three years later 
the board recommended the Hetch 
Hetchy source as the most accessible, 
the most economical for the city’s use, 
and as having the greatest possibilities 
for hydroelectric development. 
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Raker Act 

After protracted debate, Congress 
passed the Hetch Hetchy grant, known 
as the Raker Act, and President 
Wilson signed the bill on Dec. 19, 
1913. For 12 years the city carried on 
negotiations, interrupted by the 1906 
disaster, to secure a source of water 
supply of the best quality and of a 
quantity that was—and still is—ex- 
pected to be sufficient, together with 
local sources, to meet the ultimate 
needs of the people within the city’s 
service area. 

Among the restrictions, 
duties and privileges granted by the 
Raker Act are the following: 

The Turlock and Modesto irrigation 
districts have the prior right to receive 
water they can beneficially use—up to 
2,350 cfs of the natural daily flow— 
and for a 60-day period beginning with 
Apr. 15, 4,000 cfs of the natural daily 
flow for direct use and storage. The 
amount of water available to the city 
is dependent not only upon the total 
flow in the Tuolumne River but also 
upon what is necessary for its bene- 
ficial use in addition to the waters it 
had in 1913 or thereafter acquired. 

The city was required to develop 
electric power, construct certain roads 
and donate them to the United States, 
pay an annual rental, and undertake 


powers, 


and vigorously prosecute the comple- 


tion of the Hetch Hetchy Dam. No 
power or water from Hetch Hetchy 
could be sold to a private party for 
resale, nor could any of the water be 
used for irrigation outside of the Tur- 
lock and Modesto irrigation districts. 

The Raker Act expressly disclaims 
intent to interfere with the laws of 
California on the control or appropri- 
ation of water. 

Before passage of the Raker Act, 
the city had, in July 1909, started ac- 
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tion on the development of the Tuo- 
lumne source by purchasing lands and 
water rights at Hetch Hetchy, the 
Cherry Basin, and Lake Eleanor. The 
city had constructed a diversion canal 
at the Lake Eleanor dam site, roads, 
bridges, and canals and started the 
construction camp known as 
Camp Mather. 

The “Freeman Plan” for Hetch 
Hetchy development was published in 
July 1912 after exhaustive studies of 
the project, and construction has, in 
general, followed that plan. 

On Mar. 3, 1930, the San Francisco 
Water Department took over the op- 
eration of the system bought from the 
Spring Valley Water Co. under au- 
thorization of a referendum held May 
1, 1928 on a $41,000,000 bond issue. 
At the same time a $24,000,000 bond 
issue was passed to construct the Coast 
Range Tunnels and San Joaquin 
pipeline. 

Until Jan. 8, 1932, both Hetch 
Hetchy and the water department were 
under the city’s department of public 
works. By authority of the new char- 
ter effective on that date, the two de- 
partments were taken over by the then 
newly formed public utilities commis- 
sion, under whose jurisdiction they 
still operate, the former having juris- 
diction over development of water and 
power at the source and transmission 
of water to Alameda East Portal in 
Alameda County, where the water de- 
partment assumes responsibility. The 
transmission of power to the con- 
sumers is handled by Hetch Hetchy 
department. 


now 


Hetch Hetchy System 


Three streams in the Sierra Moun- 
tains are being developed to provide 
water and power for San Francisco, 
the Bay Area, and the San Joaquin 
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Valley under the water appropriation 
to the city by the state and the Raker 
Act authorization from Congress. 
These streams are Eleanor Creek, the 
Cherry River, and the Tuolumne 
River. 

Power Plants 

Under the terms of the Raker Act, 
four power plants were included in the 
plan, to assist in financing this exten- 
sive development and to make the 
greatest possible use of the water. The 
first plant was constructed 41 years 
ago at a location about 12 mi below 
the O’Shaughnessy Dam to provide 
power for construction purposes. That 
plant, called Early Intake Power 
Plant, is still in use; its capacity is just 
under 4,000 kw. The Moccasin Power 
Plant, constructed 33 years ago, is 30 
mi downstream from O’Shaughnessy 
Dam. Its capacity is 82,000 kw. 

The Cherry Power Plant and a 6-mi 
aqueduct from Lake Lloyd are under 
construction. The aqueduct will have 
a capacity of 410 cfs and include about 
6,300 ft of tunnel. There will be a 
power drop of about 2,400 ft to the 
powerhouse. The plant is located a 
short distance upstream from the con- 
fluence of Cherry Creek and the Tuo- 
lumne River. The anticipated capacity 
is 131,500 kw. 

Still in the planning stage is the 
fourth plant, which is to be known as 
the Canyon Power Plant. The water 
to operate this plant will come from 
Hetch Hetchy Reservoir through a 
tunnel and pipelines. The plant will 
be located on the Tuolumne River 
above the Early Diversion Dam and 
will have a generating capacity of 
67 500 kw. 


The city presently owns and main- 
tains the 140 mi of high-tension trans- 
mission lines from the power plants to 
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Newark in Alameda County, at which 
point it is delivered into the system of 
the Pacific Gas and Electric Co., which 
supplies power to San Francisco’s cus- 
tomers under a supplemental power 
“wheeling” agreement. 

The watersheds of the three lakes 
or reservoirs are all above an elevation 


Pig. 2. 
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Dams and Reservoirs 


The O’Shaughnessy Dam (Fig. 2) 


on the Tuolumne River forms Hetch 
Hetchy Reservoir, which is the largest 
of the three reservoirs. Its capacity is 
117.3 bil gal, and it drains a watershed 


area of 459 sqmi. The original dam 


O’Shaughnessy Dam 


This concrete gravity structure impounds 117 bil gal when full and is the main supply 
for San Francisco 


of 3,800 ft and are composed mainly 
of granite mountains. Mount Lyell is 
the highest with an elevation of 13,090 
ft. All of the lands belong to the city 
or the federal government. The only 
residents are their employees, and the 
watersheds are under definite restric- 
tive sanitary regulations to maintain 
the quality of the water. 


was completed in 1923 and raised 79.5 
ft in 1938. 
The Eleanor Dam (Fig. 3), located 


on Eleanor Creek about 5 mi north- 
west of Hetch Hetchy, forms Lake 
Eleanor, the smallest of the three res- 
ervoirs. It has a capacity of 8.8 bil gal 
and drains a watershed area of 79 
sqmi. It was built 1 mi below the 
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outlet of the original lake and raised 
the water level about 35 ft. Eleanor 
Dam was completed in 1918 to pro- 
vide water for year-round operation 
of the Early Intake Power Plant. 

Cherry Dam (Fig. 4), completed in 
1958, is located on the Cherry River 
a little more than 1 mi northwest of 
Eleanor Dam and forms Lake Lloyd, 
which has a capacity of 87.4 bil gal. 
The area of the lake’s watershed is 
114 sq mi. 

There is now under construction a 
6,400-ft long tunnel between this lake 
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river or carried to the main aqueduct 
below the Early Intake. 


Mountain Division 


Tuolumne.«River water, including 
spill and releases at O’Shaughnessy 
Dam, and the runoff from another 2 
sq mi of watershed may be intercepted 
12 mi downstream at the Early Intake 
Diversion Dam and turned into the 
main aqueduct. The latter dam,” built 
in 1924, has an impounding capacity 
of 37.5 mil gal. Water not diverted 
at this point flows 40 mi down the 
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Fig. 3. Eleanor Dam 


This butressed-arch dam across Eleanor Creek, a tributary of the Tuolumne River, 


provides 9 bil gal of storage. 
Powerhouse ; 


and Lake Eleanor, through which run- 
off from the Lake Eleanor watershed 
will be diverted for storage. The Lake 
Lloyd outlet will be through the tunnel 
to the Cherry Power Plant. 

There are 32 sq mi of watershed be- 
tween Cherry Dam and Eleanor Dam 
and the Cherry River Diversion Dam, 
8 mi downstream but above the Cherry 
Power Plant. Cherry River water is 
here diverted into a canal which de- 
livers the water to either the Early 
Power Plant or the Early Intake. The 
tailrace water may be released to the 


The lake originally supplied water for Early Intake 
now it is connected by a tunnel to Lake Lloyd. 


Tuolumne River- to the Don Pedro 
Reservoir of the Turlock and Modesto 
irrigation districts. 

From the Early Intake, the diverted 
waters travel through 11.6 mi of 
concrete-lined horseshoe section tun- 
nel, 7.2 mi of rectangular section, and 
a short section of 94-ft pipe at the 
South Fork. The design capacity is 
more than 400 mgd. 


Moccasin Division 
Water is discharged into Priest Res- 


ervoir, the forebay, or regulating res- 
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Fig. 4. Cherry Dam Before and After Completion 


In the upper photograph Cherry Dam is shown almost completed but unfilled. The 
dam now provides both flood control and water supply storage. 
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ervoir, for the Moccasin Power Plant. 
The dam, built in 1923, has an im- 
pounding capacity of 77 milgal. The 
water leaves Priest Reservoir through 
the mile-long Power Tunnel, 13 ft in 
diameter, which ends in a 40-ft surge 
shaft 160 ft high. From this, three 
pipelines 104 in. in diameter, one of 
them being capped for future exten- 
sion, lead to the powerhouse. The 
other two branch twice, are reduced 
in diameter, and terminate in eight 
1l-in. diameter nozzles which dis- 
charge against the water wheels in 
the powerhouse at more than 500 psi 
of pressure. 


Foothill Division 


From the powerhouse tailrace, the 
water enters Moccasin Reregulating 
Reservoir to equalize the flow into the 
Foothill Tunnel. The reservoir was 
formed by the construction, in 1929, 
of a dam 1,500 ft downstream in 
Moccasin Creek. Moccasin Creek 
water, being unsatisfactory for munici- 
pal uses, was excluded from the reser- 
voir by a reinforced-concrete diversion 
dam constructed in 1936. The normal 
flows are carried under the reregulat- 
ing reservoir by means of a bypass 
conduit. 

From the Moccasin Reservoir a 
5.2-mi tunnel carries the water to the 
0.5-mi Red Mountain Bar Pipeline, 
which is an inverted siphon under the 
Tuolumne River. At the outlet end 
of this pipeline, water that is not to 
be transmitted to the service area is 
released through a radial gate and a 
22-ft wasteway into Don Pedro Res- 
ervoir. The aqueduct then continues 
through a 10.6-mi tunnel ending at the 
Oakdale Portal, in the east San 
Joacuin Valley foothills, where an 
overflow shaft is located. 
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San Joaquin Division 


The San Joaquin Division is trav- 
ersed by two pipelines between the 
Oakdale and the Tesla Portals. The 
latter is 8 mi south of Tracy, Calif. 
The pipelines, each 47.4 mi long, are 
known as San Joaquin Pipelines No. 
1 and 2. The No. 1 line varies in di- 
ameter from 56 in. to 72 in. and is 
made of welded-steel cylinder pipe 
throughout. Pipeline No. 2 is 61 in. 
in diameter and is made of 18.7 mi of 
reinforced-concrete pipe and 28.7 mi 
of welded-siteel-cylinder pipe. Flow 
in both lines is controlled at Oakdale 
and Tesla Portals by 60-in. butterfly 
valves, and pressure relief valves are 
installed at the San Joaquin River. 


Coast Range Division 

The water enters the Coast Range 
Tunnel at Tesla Portal. This concrete- 
lined tunnel is 25.2 mi long, and 10} 
ft in diameter. The westerly end of 
the tunnel is at Alameda East Portal. 
This is the end of the portion of the 
aqueduct operated and maintained by 
the Hetch Hetchy authority and the 
beginning of the portion under San 
Francisco Water Department opera- 
tion and maintenance. 


Water Department System 


Between Alameda East and West 
Portals the aqueduct consists of two 
pipelines known as the Alameda 
siphon. From the siphon the water 
enters the second section of the Coast 
Range Tunnel. The western end of 
this tunnel is known as Irvington 
Portal. 


Bay Division 


From Irvington Portal three pipe- 
lines carry water to Pulgas Tunnel; 
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they are known as Bay Division Pipe- 
lines No. 1, 2, and 3. No. 1 and 2 
are parallel in the same right-of-way 
and cross San Francisco Bay. Pipe- 
line No. 3 is located around the south 
end of the bay. 

Pipeline No. 1 was built by the 
Hetch Hetchy Department in 1925 and 
is 21.3 mi long, and consists of 19.4 
mi of riveted—steel plate pipe, 1.3 mi 


Pig. 5. 


The spillway is just visible in the lower right-hand corner. 
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crete jackets. At the westerly end of 
the submarine sections of both pipe- 
lines No. 1 and 2 there is a caisson 
with short 42-in. vertical risers con- 


necting them with 60- and 76-in. pipes 
which are carried for 0.7 mi on a steel, 
through-riveted, truss bridge. 

Pipeline No. 3 was completed in 
1952 and is 33.9 mi long. 


~c 
5.09 


There are 
mi of 78-in. welded-steel cylinder, 


Calavaras Dam and Reservoir 


The dam was completed 


in 1925 and has an impounding capacity of 31.5 bil gal. 


of concrete pipe, and 0.6 mi of cast- 
iron submarine pipe laid under Newark 
Slough and the navigable portion of 
San Francisco Bay. 

Pipeline No. 2 was laid during 
1935-36 and is 21.3 mi long, made up 
mainly of 62-in. concrete pipe and 
66-in. welded—wrought-steel pipe. The 
submarine sections are two 54-in. steel 
pipes, each 0.6 mi long with 6-in. con- 


reinforced-concrete pipe; 17.1 mi of 
72-in., cement-coated and lined, welded- 
steel pipe; 0.2 mi of 90-in. tunnel and 
8.1 mi of 72-in., welded-steel cylinder, 
reinforced-concrete pipe. 

All three of these lines are equipped 
with butterfly valves at the Irvington 
Portal and gate valves along the lines 
and at Pulgas Tunnel. There are cross 
connections between lines No. 1 and 2 
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at four locations. Pipeline No. 3 was 
constructed around the bay to provide 
service to the South Bay area and to 
reduce the hazard of having all the 
main pipelines on trestles, on bridges, 
and under the bay. 

Pulgas Tunnel is the next section 
of the aqueduct. It discharges through 
the Pulgas Water Temple, into an out- 
fall canal, and into Upper Crystal 
Springs Reservoir. The Hetch Hetchy 
water has traversed river beds, tunnels, 
pipelines (above, on, and in the 
ground), under creeks, rivers, and the 
San Francisco Bay from O’Shaugh- 
nessy Dam to Crystal Springs Reser- 
voir, a distance of 149.6 mi across the 
bay, or 162.3 mi around it. 

The first consumers who receive 
water from the aqueduct are connected 
to the Alameda Creek Siphon. From 
that location to Crystal Springs the 
many service connections account for 


approximately half of the suburban 


consumption; the balance is taken 
north of Crystal Springs. 

The first Hetch Hetchy water de- 
livered to Lower Crystal Springs Res- 
ervoir was received there on Oct. 18, 
1934. Between that date and Jul. 1, 
1958, about 457.5 bilgal have been 
received at the Alameda East Portal. 
This is 55 per cent of the total released 
into the water department’s transmis- 
sion system for consumption. 


Alameda Sources 

The local sources of San Francisco 
water are divided geographically into 
Alameda and peninsula sources. These 
were developed by the Spring Valley 
Water Co. with some changes and ad- 
ditions made by the city. The Ala- 
meda source is the Alameda Creek 
drainage area. Three developments on 
this creek and its tributaries have been 
completed with the fourth, San An- 
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tonio Creek, which is now being ex- 
plored for the design of a proposed 
storage dam. 


Calaveras 


The principal development in Ala- 
meda County is known as Calaveras 
Dam (Fig. 5); this dam and another 
dam on Upper Alameda Creek, which 
diverts water into the reservoir through 
a 9,709-ft tunnel, have a total catch- 
ment area of 135 sqmi in southern 
Alameda and northern Santa Clara 
counties. Calaveras Dam was com- 
pleted in 1925 and has a capacity of 
31.5 bilgal. The spillway was par- 
tially washed out and rebuilt in 1940. 

The Upper Alameda Dam is of the 
reinforced-concrete, slab-and-buttress 
type. Construction of the tunnel was 
started by Spring Valley Water Co. 
and the tunnel and dam were com- 
pleted by the city in December 1931. 

Normal seasonal rainfall at the res- 
ervoir is 22.35 in. and the average 
production since 1934 has been 33.4 
mgd. 

Calaveras water may be released into 
the creek and returned to the system 
through the Sunol Filter Galleries, or 
it may be drawn into the Calaveras 
Pipeline, either directly or through 
aerators located at the dam. The 
Calaveras Pipeline is 5.8 mi long and 
discharges into the Alameda Siphon 
with direct connection to Sunol Pipe- 
line, which serves the water depart- 
ment’s Sunol headquarters area includ- 
ing the town of Sunol. These con- 
sumers may also be served from the 
Alameda Creek Siphon. 


Sunol Galleries 


Located 9 mi downstream from the 
Calaveras Dam the Sunol Filter 
Galleries. are a_ system of 
underground 


are 
These 
and 


concrete galleries 
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perforated pipe which collect the water 
percolating through the gravels. Creek 
water is impounded by Sunol Dam to 
increase the yield. The average yield 
of these gravels over the last 8 years 
has been approximately 6 mgd. This 
water enters the 4.9-mi Sunol-Niles 
Aqueduct at Sunol Dam. 


TURNER Jour. AWWA 
At present there are seventeen usable 
wells. No water from these wells has 
been provided to consumers outside of 
the valley since April 1949; prior to 
that the wells produced an average of 
about 10 mgd for export. The 30-in. 
Pleasanton Pipeline transported this 
water to the Sunol Water Temple 


Fig. 6. Crystal Springs Dam 


The dam is shown overflowing approximately 150 mgd. 


The building immediately 


below the dam houses pumps and chlorination equipment. 


Pleasanton Well Field 


Another Alameda source is the 
Pleasanton Well Field located in the 
Livermore Valley near the city of 
Pleasanton, 54 mi from Sunol. There 
have been about 100 wells developed 
in this field; they vary in depth from 
200 to 400 ft, but one is 734 ft deep. 


where it joined the filter gallery water. 
The temple is a beautiful structure of 
classic design and it is one of the at- 


tractions that draws hundreds of vis- 
itors to the Alameda Division head- 
quarters at Sunol. 

Water from the filter gallery and 
well water, when used, flow through 
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the 4.9 mi Sunol-Niles Aqueduct to 
Niles Regulating Reservoir. The 
aqueduct consists of four concrete box 
flumes and five concrete-lined tunnels 
down Niles Canyon. The design ca- 
pacity is 70 mgd. 

Niles Reservoir is a concrete struc- 
ture with a wooden roof and has a 
capacity of 5 milgal. It acts as a 
regulating reservoir for the Irvington 
Pumps, located at Irvington 3 mi from 
the reservoir, and as a distribution res- 
ervoir for consumers in the vicinity of 
Niles. The connecting Niles-Irvington 
pipeline has a capacity of 32 mgd. The 
Irvington Pumps boost the water into 
Bay Division Pipelines No. 1 and 2. 
The pressure in the latter is sufficient 
to reverse the flow through the Niles- 
Irvington pipeline, thus furnishing 
water, if needed, to consumers being 
served from Niles Reservoir. 


Peninsula Sources 


The first of the peninsula sources 
to be used was Pilarcitos Creek, which 
flows to the west into the Pacific 
Ocean. Use of water from this source 
started in the 1862-63 season and has 
continued until the present. Construc- 
tion of the dam was started in 1864 
and completed 2 years later. The dam 
was raised in 1874 and the spillway 
was reconstructed in 1937. The reser- 
voir has a capacity of 1.01 bil gal and 
a catchment area of 3.8 sq mi with an 
additional 0.6 sqmi that contributes 
by means of a side, or feeder, flume. 
The normal rainfall of about 45.6 in. 
is the highest for any of the local 
sources. The source’s production, 
which is combined with that of San 
Andreas Reservoir, has averaged 7.7 
mgd for the last 36 years, and has 
ranged from none to 15.1 mgd. 

The reservoir outlet is through a 


2.7-mi aqueduct of tunnels and _ pipe- 
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lines having a capacity of about 40 
mgd. The aqueduct crosses San 
Mateo Creek, where it receives water 
from the creek by a small diversion 
dam called San Mateo Creek Dam No. 
1. This water is delivered directly to 
San Andreas Reservoir. Another small 
diversion dam downstream, San Mateo 
Creek Dam No. 2, diverts additional 
water through Stone Dam Aqueduct 
to the Crystal Springs canal and thence 
into San Andreas Reservoir. 

Stone Dam, located on Pilarcitos 
Creek about 2 mi downstream from 
Pilarcitos Dam, was completed in 
1871 and has a catchment area of about 
2.1 sqmi. The water is diverted into 
San Mateo Creek and Crystal Springs 
Reservoir. 

The next dam 
Peninsula Division was on An- 
dreas Creek. This dam was con- 
structed during 1868-70 and it was 
raised twice, once in 1875 and again 
in 1928. The reservoir has a capacity 
of 6.19 bil gal, a catchment area of 4.4 
sq mi, and a contributing area of 2.5 
sq mi. Normal rainfall is 37} in. The 
reservoir’s production is added to 
Pilarcitos’. 

Crystal Springs Reservoir is divided 
into an upper and a lower part. The 
Upper Dam was constructed in 1877 
and raised in 1891 and 1924. There 
are two conduits through the dam, 
which empty into the lower reservoir. 

The lower dam (Fig. 6) was con- 
structed in 1887-88 and raised in 1890 
and in 1911. It is on San Mateo creek 
below its junction with Laguna Ra- 
mundo from the south and San An- 
dreas creek from the north. 

One reservoir, Lake Merced, within 
the city of San Francisco, is spring fed 
and was used as a source of domestic 
water supply until 1933. Since then 
been for such 


constructed in the 


San 


its water has not used 
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Fig. 7. Sunset Reservoir, North and South Basins 


The North Basin (upper photograph) has been in use since 1938 and provides most 


of the supply for the residential area of San Francisco; its capacity is 89.4 mil gal. 
3 mil gal of storage will be added to the reservoir on completion of the 


Another 87.3 
South Basin (lower photograph) now under construction 
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purposes, but the reservoir has been 
maintained as a source for Harding 
Park and as a standby domestic supply. 
It is a natural lake emptying into the 
Pacific Ocean, but an earth dike across 
its outlet increases its capacity to 2.565 
bil gal. All surface drainage is di- 
verted to the ocean by storm drains. 


Effects of 1906 Earthquake 


No description of San Francisco and 
its water supply would be complete 
without a few facts concerning the 
effect of the 1906 earthquake. The 
San Andreas Fault, which caused the 
catastrophe, extends from the south- 
east through the easterly abutment of 
Upper Crystal Springs Dam, passes 
just west of Lower Crystal Springs 
Dam and through the easterly abut- 
ment of San Andreas Dam, and pro- 
ceeds thence in a northwesterly direc- 
tion to the ocean just south of San 
Francisco. 

Damage to the three dams was negli- 
gible except to the outlet tunnel at 
Upper Crystal Springs, which was left 
with an offset in alignment. 

The old pipeline from Pilarcitos 
Reservoir to the city lay practically 
on the fault line for some distance. It 
was destroyed and has never been re- 
placed. The only then existing pipe- 
line from Crystal Springs Reservoir 
to the city was badly damaged south 
of the city at Guadalupe Slough, where 
it was on wood trestle; the pipe was 
ruptured and thrown from the trestle, 
which was also badly damaged. The 
pipe has been relaid around the slough 
in solid ground. Other damage out- 
side the city was minor. 


Distribution Storage 


In the city of San Francisco there 
are two receiving reservoirs, Univer- 
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sity Mound and Merced Manor, which 
are at elevations sufficiently low to re- 
ceive, by gravity, water from the Hetch 
Hetchy Aqueduct and from Crystal 
Springs Reservoir. In addition to 
these, the Sunset and College Hill 
reservoirs can be supplied by gravity 
from San Andreas Reservoir. The 
water must be pumped into the fifth 
receiving reservoir, called Sutro. <A 
sixth such reservoir, Lake Honda, 
which has been maintained on a 
standby basis since construction of 
Sunset Reservoir in 1938, was sup- 
plied by San Andreas Pipeline No. 2. 
Two pipelines transmit Crystal 
Springs water to University Mound 
Reservoir. There is also a third pipe 
extending from Crystal Springs to 
Burlingame, where it also serves the 
Sunset Pipeline. Beyond Burlingame 
the third pipe has not yet been ex- 
tended to University Mound Reservoir. 
Crystal Springs Pipeline No. 2 is a 
60-in., welded-steel pipe laid in 1937 
from Crystal Springs through Bur- 
lingame, Millbrae, Baden, and South 
San Francisco to University Mound 
Reservoir. At each of these locations 
there are cross connections with one or 
more of the transmission lines into the 
city. 
The 


Sunset 60-in., 


Pipeline, a 
welded-steel line, 20 mi long, delivers 
Crystal Springs water to Sunset Res- 
ervoir after boosting at Lake Merced 


pumps. A branch from San Andreas 
Reservoir may be used to deliver water 
from that reservoir to Sunset Reser- 
voir by gravity. This Sunset line 
passes through Burlingame, Millbrae, 
and Baden. 

San Andreas Pipeline No. 1 delivers 
water from that reservoir 11.9 mi 
through Millbrae and Baden to Merced 
Manor Reservoir. The portion of the 
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line running to Baden was constructed 
in 1870, and the balance of 6.8 mi was 
laid in 1907 and 1912. 

The San Andreas Pipeline No. 2 is 
12 mi long and was laid in 1928. This 
line passes through Millbrae and 
Baden and delivers water to Sunset 
Reservoir (Fig. 7) and, through a 
Crosstown pipeline, to College Hill 
Reservoir. 

In order to maintain San Andreas 
Reservoir at a high level, a pumping 
station, with a lifting capacity of 55 
mgd, was built at Crystal Springs Dam. 
The Storage provided may be used by 
Sunset Reservoir and other areas of 
relatively high elevation. 

The Lake Merced Pump Station 
also lifts Crystal Springs water to 
Sutro Reservoir. It also con- 
structed to pump water from Lake 
Merced and deliver it to either of these 
reservoirs. 

There are two other pumping sta- 
tions that have been used, on a standby 
basis, for similar purposes—that is, to 
lift Crystal Springs water to the Sun- 
set Reservoir for distribution. One is 
located at Baden and the other at 
University Mound Reservoir in San 
Francisco. 


was 


City Distribution System 


San Francisco varies in elevation 
from sea level to more than 900 ft 
above sea level. There are many hills 
of varying elevations; some are well 
known as Twin Peaks, Telegraph Hill, 
Mt. Davidson, Russian Hill, Nob Hill, 
and others, all of which require water 
service through a complicated distribu- 
tion and pressure-zoning system. 
Water pressures in the distribution 
system, as far as possible, are main- 
tained at 40-80 psi. There are eleven 
distribution reservoirs in use for this 
purpose in the city, including the re- 
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ceiving reservoirs previously men- 
tioned. Each of them serves a differ- 
ent area and is at a different elevation, 
ranging from 135 to 800 ft above sea 
level. Storage capacity varies from 
0.5 to 140 mil gal each. On comple- 
tion of the South Basin of Sunset Res- 
ervoir (Fig. 7) the total storage in 
Sunset Reservoir will be increased to 
about 177 mil gal. There are also nine 
tanks at elevations of 290-900 ft and 
capacities of 8,000—300,000 gal. These 
tanks serve relatively small, isolated 
areas. 

In addition to the five pumping 
stations already mentioned, the system 
includes eighteen automatic electric 
stations with capacities of 504,500 
gpm. These stations are within the 
city limits and supply both tanks and 
reservoirs at the higher elevations. 
Roughly 15 per cent of the water con- 
sumption in the city is pumped to ele- 
vations above those of the receiving 
reservoirs. 

There are 1,105 mi of pipe in the 
city’s distribution system, consisting of 
943 mi of cast-iron pipe, 154 mi of 
wrought-iron and steel pipe, and 8 mi 
of asbestos-cement pipe. The oldest 
known main in service is a 4-in., cast- 
iron pipeline laid in 1859. Not includ- 
ing the tunnels aqueducts, 
there are approximately 200 mi of 
transmission mains, from 16 to 91 in. 
in diameter, under the jurisdiction of 
the water department outside of the 
city and 100 mi of 36—114-in. mains 
under the Hetch Hetchy department. 


Watersheds 


used as 


The city owns about 68,700 acres of 


of Tuolumne, 
San Joaquin, Alameda, 
Santa Clara, San Mateo, and San 
Francisco. Under lease or permit, 
more than 37,000 acres are being used 


land in the counties 


Stanislaus, 





Sep. 1959 SAN 
by others for a large variety of opera- 
tions, all consistent with the city’s 
water supply requirements. Such 
operations include a rock quarry, picnic 
grounds, parks, farms, golf courses, 
restaurants, book stores, and so forth. 

The major part of the watershed 
producing domestic water for the 
Hetch Hetchy system are owned by 
the United States and are in Yosemite 
National Park and Stanislaus National 
Forest. Federal government agencies 
patrol the areas. The rest of such 
watershed lands, with very minor ex- 
ceptions, are owned by the city and 
are patrolled by the regular caretaking, 
maintenance, and operating forces. 
There are eight reservoir keepers em- 
ployed at the Hetch Hetchey reservoir 
sites. 

The peninsular watershed lands are 
a part of the California Fish and Game 
Preserve. No fishing, hunting, boat- 


ing, or picnicking is permitted, and the 


area is not open to the public. Fish- 
ing, boating, and hunting in the Ala- 
meda watershed and reservoir property 
are also prohibited. A public picnic 
grounds is maintained by the depart- 
ment at the Sunol Water Temple, how- 
ever, and other recreational areas are 
provided along the Niles Canyon. 
There are five water department em- 
ployees, known as rangers, whose 
duties include patroling the watershed 
areas to watch for fires and to keep 
trespassers out. In addition, there are 
five reservoir keepers who not only 
guard the dams, outlet works, and 
water from damage or pollution but 
also operate the outlet controls and 
secure information for the records. 
These ten men assist one another when 
necessary and are deputized as officers 
of the law. These employees live in 
department-owned cottages on the res 
ervoir sites and are always on duty. 
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System Maintenance and Operation 


There are also five men who patrol 
the pipelines. They observe and re- 
port damage, encroachments on the de- 
partment’s property, leaks, and any 
other pertinent matters. 

Maintenance and operation of the 
Hetch Hetchy system have their head- 
quarters at Moccasin. There is a com- 
munity of employees who live there in 
city-owned homes. Facilities for rec- 
reation and schooling are provided. 
There are shops for maintenance, re- 
pair, and replacement of electric and 
water facilities. 

Maintenance and operation of the 
Water Department are carried on from 
three corporation yards, one in each 
of the department’s divisions: city dis- 
tribution, peninsular, and Alameda. 
The department’s shops in the city, 
after securing the work by competitive 
bidding, manufacture standard gate, 
tapping, and detector check valves; 
leak bands; pipe lugs for attaching fit- 
tings to cast-iron pipe ; and special cop- 
per connections for tubing and other 
fittings—-all for departmental use. 
This division also bids competitively 
on some of the contracts for the laying 
of city mains and thus acts as its own 
contractor. 


Treatment 


The department maintains its purifi- 
cation division laboratory and head- 
quarters at Millbrae. The laboratory 
has been certified by the California 
Department of Public Health. Labo- 
ratory and field tests for record and 
control purposes total more than 
13,000 per year. 

The soft mountain water from Hetch 
Hetchy is treated with lime to reduce 
its corrosivity. The results are very 
satisfactory. During 1957-58 about 
1,160,000 Ib of lime was used. 
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Algal growth in the local storage 
and impounding reservoirs is kept 
under control by the application of cop- 
per sulfate. Approximately 80,000 Ib 
are used annually for this purpose. 

To remove turbidity, 
which sometimes occurs in the water 
flowing into Lower Crystal Springs 
Reservoir from San Andreas Creek, an 
alum plant and settling basin were 
constructed near the reservoir. 

Disinfection of all water supplied 
is continuous, and during 1957-58 
1,145,000 Ib of chlorine was used at 
various stations. The first 
chlorinated at Tesla Portal before en- 
tering the eastern Coast Range Tunnel 
and after that at locations 
along the transmission lines. The final 


excessive 


water is 


various 


chlorination takes place on withdrawal 
of the water from the city distribution 
reservoirs. 
water leaving Crystal Springs and San 


Since 1955, practically all 
Andreas Reservoirs has been treated 
with sodium silicofluoride. 

The city does not filter any of the 
water. Hetch Hetchy water has a 
very low turbidity. Calaveras water 
that is stored shortly after the runoff 
starts is not used until April or May, 
when the turbidity has settled. Water 
from peninsular reservoirs had, prior 
to the 1955-56 season, satisfactorily 
low turbidity ; in 1956, owing to heavy 
runoff and destruction of some ground 
cover on a part of the watersheds, it 
became relatively high. To reduce the 
turbidity, the alum plant mentioned 
above was constructed. 
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Metering and Communications 


All consumer services have been 
metered since 1919. The service from 
the water main to and including the 
meter is the responsibility of the city; 
from there into and through the build- 
ing, it is the owner’s. There are 
156,000 metered live services with 
about 160,000 meters, not including 
the 670 automatic-sprinkler connec- 
tions installed throughout the system. 
The services vary from 2 in. to 20 in. 

The city has a private telephone sys- 
tem with full-time switchboard opera- 
tion. In the Sierras there are a few 
privately owned lines that lease service 
for their regular use. 

A two-way radio system is main- 
tained in both operating departments. 
In the mountains it is the primary com- 
munication system between the facili- 
ties and vehicles. The water depart- 
ment has more recently inaugurated 
this type of communication and is ex- 
panding the system to give more and 
better coverage. 


Conclusion 

San Francisco has a water supply 
with excellent chemical and physical 
characteristics. It is sufficiently large 
to provide for the ultimate demand of 
the service area. No waterborne dis- 
ease has ever been traced to this sup- 
ply, and water use has never been re- 
stricted or rationed. The water is 
relatively soft and satisfactory for both 
industrial and domestic consumption. 
Treatment of the supply is continuous 
and carefully supervised. 
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ITH the increasing population of 

the United States and the conse- 
quent increasing need for more and 
more capital facilities, which, in turn, 
require more bond financing, the sub- 
ject of bond issue campaigns is a most 
timely one. Because each campaign 
poses different problems and requires 
a somewhat different approach, no at- 
tempt will be made to suggest that 
there is any one best way to conduct 
a bond campaign. Perhaps, however, 
a general discussion of some of the 
fundamental principles and generally 
accepted techniques of planning a bond 
campaign will be helpful in suggesting 
ideas that can be used in planning for 
future bond issues. 

Because examples of practical appli- 
cations are usually helpful, the discus- 
sion will refer to the $252,000,000 
bond election held in June 1958, at 
the East Bay Municipal Utility Dis- 
trict, Oakland, Calif. This bond elec- 
tion was to finance a 10-year construc- 
tion program needed to meet the grow- 
ing water demands of the East Bay 
area. It was approved by the voters 
by more than 34 to 1. 

The subject of bond campaigns di- 
vides itself logically into four areas of 
discussion: [1] planning for a bond 
issue election, [2] organization of the 
campaign, [3] conduct of the cam- 
paign, and [4] follow-up after the 
election. 


Planning for a Bond Issue Election 


How far in advance of the bond elec- 
tion should the planning of the cam- 
paign begin? The answer to this 
question is that unless one is already 
planning for the next bond issue, re- 
gardless of how far off it may be, he is 
already behind schedule. This answer 
is based on a strong personal convic- 
tion that the greatest single influence 
on the success or failure of a bond elec- 
tion is the voters’ attitude toward the 
public agency asking for approval of 
the bond issue. If the agency is 
viewed by the public as competent, 
honest, and friendly, then there exists 
a climate within which a straightfor- 
ward, informative campaign can be 
conducted, with reasonable assurance 
that the public will accept the agency’s 
explanation of the need for a bond 
issue and will, accordingly, authorize 
the bonds at the polls. 

On the other hand, experience has 
shown that in communities where the 
agency is not regarded favorably by 
the public and where there is doubt 
about the efficiency or the integrity of 
the agency, then it is difficult and fre- 
quently impossible to secure public ac- 
ceptance of the need for funds, whether 
they be for water or power systems, 
schools, roadways, or sewers. The 
most cleverly devised and_ skillfully 
executed bond issue campagin can sel- 
dom overcome an unfavorable commu- 
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nity reaction toward the agency and 
by itself assure passage of the bond 
issue on election day. 

The first step, therefore, in planning 
a bond issue campaign is to develop a 
favorable corporate personality or 
image in the eyes of the public. Of 
course, all companies, organizations, or 
units of government should develop a 
favorable image whether or not they 
ever have a bond issue. The point is 
that such an image is almost essential 
to the success of the bond election, and 
it would be a serious oversight to dis- 
cuss the subject of bond campaigns 
without recognizing this fact. 

A favorable corporate personality 
cannot be established overnight or in 
a few months or even in a few years. 
Therefore, this phase of bond issue 
planning must always be working, even 
if the next bond issue is 5, 10, or more 
years away. How is a_ favorable 
corporate image obtained? Without 
going into the development of a gen- 
eral public relations program, the an- 
swer, briefly stated, is that a favorable 
image can be attained through a well- 
rounded public relations program con- 
ducted aggressively and consistently by 
the agency. This assumes, of course, 
that the agency is, in fact, deserving 
of a favorable corporate image by vir- 
tue of its efficient operation, honest 
management, and friendly attitude to- 
ward the public. No public relations 
program can make an inefficient agency 
look efficient to the public. 

On the other hand, in the utility 
field, simply doing a good job is not 
enough. Most efforts to serve the pub- 
lic are carried on behind the scenes, 
out of public view, and the people must 
be shown what is being done to serve 
them. This is one of the objectives 
of a good public relations program, 
whether it is conducted in a large util- 
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ity with the assistance of a trained pro- 
fessional staff or by the superintendent 
of a small, one-man organization. If 
a good job is being done and the people 
are told about it, a favorable corporate 
image and an atmosphere in which a 
bond campaign has a good chance to 
be successful can be developed. 
Forecast of Public Reaction 

Having developed a generally favor- 
able relationship with the public, the 
agency’s next step is to define clearly 
when and why the funds are needed, 
how much is needed, how they will 
be used, and how they will be repaid. 
This, of course, requires the combined 
skills of the entire administrative staff 
of the agency. Although detailed engi- 
neering and financial plans are not re- 
quired at this time, a broad outline of 
the general program is needed to ana- 
lyze intelligently the timing of the bond 
election, the probable sales approach, 
and the expected areas of opposition 
and support. Once the general plan is 
known, an analysis should be made of 
the probable public reaction to the plan 
and to the bond issue specifically. A 
few of the major questions to be an- 
swered are: 

1. What actually is the attitude of 
the public toward the agency? Does 
the agency have the confidence of the 
public or is it regarded in an unfavor- 
able light, and to what degree? In 
what geographical areas is the agency 
strongest and weakest? 

2. Are the lines of communication 
with the public open and clear? If 


not, where are the weak spots? 

3. Will the public be generally re- 
ceptive to the explanation of the need 
for the program? 

4. Will the public accept the pro- 
gram as being proper and adequate to 
meet this need? 
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5. What is likely to be the public 
reaction to the amount of the bond 
issue ? 

6. What has been the recent public 
reaction to bond issues generally, and 
to bond issues by this agency or simi- 
lar agencies? 

7. How will the public react at the 
polls to the specific bond issue? 

Obviously, there is no way to deter- 
mine in advance, with certainty, how 
people will feel and act on a matter 
that has not yet been put before them. 
Still, there are certain approaches that 
can be helpful in an effort to make 
such a forecast. First, with a little 
self-analysis, the agency can explore 
what its relations with the public have 
been in the past. It can draw on the 
experiences of other agencies that 
have been confronted with a similar 


problem. Matters can be discussed 


with those representing certain cross 


sections of the community by solicit- 
ing the opinion of civic leaders, the 
local chamber of commerce, and other 
business organizations. These discus- 
sions will undoubtedly give some indi- 
cation of the magnitude of the problem 
to be faced and will show some of the 
specific areas of strength or weakness. 

In many instances, however, the 
agency will want to know, with more 
certainty, just where it stands with 
public opinion. For this information, 
the public opinion poll has been very 
useful. Although such polls are not 
infallible, they certainly give more ac- 
curate information than almost any 
other tool one might use. Polling tech- 
niques have been developed scientifi- 
cally and can be relied upon with a fair 
degree of accuracy if administered by 
a reliable, experienced firm. They are 
now commonly accepted by businesses 
and need not be very expensive. In 
the East Bay area, a public opinion poll 
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was taken about a year prior to the 
bond issue election. The information 
obtained from the poll was heavily 
relied upon in planning the bond issue 
campaign. 

Key Decisions 

The preliminary analysis of the 
probable public reaction to the bond 
issue will dictate, to some extent, the 
answers to some key decisions that 
must be made before bond election 
plans can be formalized. For example, 
if the project to be financed is of con- 
siderable magnitude, it will be neces- 
sary to determine whether the voters 
should be asked to approve the entire 
bond requirement at one time or 
whether the bond requirement should 
be divided into several bond issues over 
a period of years. 

The question of revenue bonds ver- 
sus general obligation bonds should be 
explored both from the standpoint of 
financing and from the practical point 
of view that it is obviously easier to 
secure a simple majority vote on reve- 
nue bonds than the two-thirds vote 
required on general obligation bonds. 

The timing of the bond issue elec- 
tion is an important consideration at 
this stage of planning. Should a spe- 
election be called or should the 
bond election be consolidated with the 
municipal, state, or national election? 

It is virtually impossible to general- 
ize the answers to such questions. 
Each must be viewed according to the 
circumstances that exist. 

At East Bay, the proposal made to 
the voters was for a single bond issue 
for the total amount of the cost of the 
10-year project, using general obliga- 
tion bonds and combining the bond 
election with the state primaries in 
June. This proposal was based on the 
fact that the 10-year construction pro- 


cial 
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gram was an integrated plan that re- 
quired the completion of all the major 
elements to make the plan fully oper- 
able. Approval by the voters of only 
a portion of the financing plan, fol- 
lowed by possible failure of a subse- 
quent bond issue, would have been 
serious. On the other hand, submit- 
ting a single issue of $252,000,000 to 
the voters was probably unprecedented. 
The decision was not an easy one to 
make. 

General obligation 
chosen because it 
they offered the most economical 
method of financing. Here again there 
were strong arguments against the de- 
cision, because revenue bonds offered 
the opportunity to get the voters’ ap- 
proval by a simple majority vote, in- 
stead of the two-thirds vote required 
for general obligation bonds. 

It was decided not to hold a special 
election, because its cost to the dis- 
trict was estimated to be more than 
$150,000. Here, the concern was with 
public reaction to this additional ex- 
pense, although it can be argued that 
a bond issue has a better chance to be 
approved at a special election than at 
a general election. 


bonds were 


was believed that 


Verification of the Bond Proposal 


Although at this stage of the dis- 
cussion the bond election date is still 
many months away, it is now appro- 
priate to mention the desirability of 
obtaining a verification of the bond 
proposal from some accredited, outside 
source. Unfortunately, the general 
public is somewhat inclined to feel that 
a public agency’s own explanation of 
the need for the proposed project may 
be something less than entirely objec- 
tive. The average voter generally feels 
that the projects can be built for less 
money. 
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To offset this typical reaction, it 
has been found helpful in many in- 
stances to have an outside organiza- 
tion thoroughly review the engineering 
plans, the estimates, and the 
financing plan, and to verify that the 
public agency’s proposal is reasonable. 
Frequently, the original project actu- 
ally will have been developed by a 
firm of consulting engineers, and the 
assistance of outside financial 
selors will have been sought. In these 
instances, the endorsement by such 
firms serves the purpose well. If the 
agency has developed the proposal with 
its own staff, a review by an appro- 
priate outside organization is often re- 
quested as a matter of good business 
principles, and will also serve as an 
acceptable verification to the public. 
Where circumstances do not justify the 
employment of professional 
services, can be 
obtained by asking a small citizens 
committee to review the project. Such 
a committee can be offered far more 
information about the project than can 
be offered to the public as a whole. 
The endorsement of the project by 
such a committee will probably be ac- 
ceptable to a majority of the voting 
public. The desirability of an inde- 
pendent verification is mentioned as a 
time must be 
for a re- 


cost 


coun- 


outside 


a satisfactory result 


reminder that sufficient 
allowed before the election 
view and possible revision of plans. 
In the East Bay bond campaign, a 
consulting engineering firm was em- 
ployed to make both an engineering 
and an economic review of the project 
more than a year before the election. 
This verification was heavily relied upon 
in presenting the issue to the voters. 


Summary of Planning Phase 


L. It: is 
rounded program of public relations be 


suggested that a_ well- 
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developed and maintained at all times 
in order that an agency may always be 
in the strongest possible position to 
present a bond proposal to the voters. 

2. A broad outline of the general 
project is needed at an early date as 
a basis for planning for the bond 
election. 

3. An early analysis of the probable 
public reaction to the specific bond 
proposal will enable an agency to plan 
more intelligently its presentation to 
the public and to make important deci- 
sions regarding the bond proposal. 

4. Verification by an outside group 
of the necessity for the project and of 
its engineering and financial features 
is important to secure public confi- 
dence in the program. 


Organization of Campaign 


Probably all public agencies are con- 
fronted by the same type of statutory 


limitations as to what can or cannot be 
done in presenting a bond proposal to 
the voters. Public funds cannot be 
spent to solicit the voter’s approval of 
the bond issue. An agency cannot 
urge an affirmative vote or actively 
campaign in favor of the proposition. 
On the other hand, a public agency 
may, and should, fully inform the pub- 
lic of the need for the project, the de- 
scription of the facilities to be built, 
the plan of financing the bond issue, 
and all related factual information that 
will enable the citizen to make his own 
decision on the proposal. This means 
that the actual campaigning must be 
left to the citizens of the community. 

Legally and practically the division 
of functions between the district and 
a citizens committee should be as 
follows : 

The district should: [1] provide 
the basic bond issue story; [2] dis- 
seminate factual information about the 
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bond issue through its public informa- 
tion program; and [3] thoroughly 
indoctrinate its own employees so that 
they can answer the many questions 
expected from customers, 

The citizens committee should: [1] 
raise the funds necessary to conduct 
the bond campaign; [2] prepare all 
promotional material and contract for 
all forms of paid advertising; and [3] 
conduct the campaign. 


Preparation of the “Bond Issue Story” 


The primary responsibility of the 
public agency in the initial organiza- 
tion of the bond campaign is to reduce 
the multitude of complicated engineer- 
ing, construction, and financial details 
of the bond issue proposal into a fac- 
tual presentation that is simple enough 
to be understood by the public, brief 
enough to permit wide distribution, 
and interesting enough to attract the 
attention of the citizen. This is truly 
a monumental undertaking! It is not 
dissimilar to an attempt to reduce the 
Bible to one paragraph, transcribe it 
on the head of a pin, and then develop 
some gimmick that will make everyone 
in the world want to read it. Still, 
the proper preparation of what can be 
called the “bond issue story” is so im- 
portant to the success of the campaign 
that one must draw upon every skill 
at his command to come forth with an 
outstanding document. 

To illustrate the necessity for per- 
fection in preparing the bond issue 
story, it should be noted that a reli- 
able advertising research organization 
estimates that each person is exposed 
more than 1,500 times a day to various 
stimuli directed to attract his atten- 
tion. These stimuli come from TV 
and radio commercials, signboards, 
newspaper or magazine ads, direct- 
mail solicitations, telephone calls, and 
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a wide variety of other attention- 
provoking devices, each of which at- 
tempts to get a person’s attention, his 
understanding, and to direct his course 
of action. If a bond issue story— 
which, at best, is a far cry from a 
million-dollar cigarette commercial—is 
to break through this “attention bar- 
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In the East Bay situation, the 
$252,000,000 bond issue was required 
to finance a 10-year construction pro- 
gram that included new dams on the 
Mokelumne River, a third aqueduct 
from the mountains to the East Bay, 
additional dams and terminal reser- 
voirs in the East Bay area, new filter 
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Fig. 1. 


his is one of the pictographs used to present the East Bay bond issue story. 


Bond Issue Pictograph 


Picto 


graphs were enlarged to 30X40 in. and also reproduced as slides for use by the speak- 
ers bureau. 


rier,” it must certainly be a short, 
sharp, and simple message. It is not 
to be implied that the East Bay bond 
issue story met all these requirements. 
Nevertheless, a review of its approach 
to the problem may be of some 
interest. 


plants, pumping plants, storage reser- 
voirs, transmission mains, buildings of 
various types, and a myriad of other 
facilities needed to complement a pro- 
gram of this size. The summary of 
the project by the East Bay engineer- 
ing department was contained in a 
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document over 150 pages long. The 
consultant’s report was 110 pages long. 
Other reports of the project filled 
many pages and covered a wide variety 
of subjects. It was finally concluded 
that the bond issue story should be lim- 
ited to a few salient points, and that 
to attract attention, these points should 
be presented in graphic or pictorial 
form. The public opinion poll showed 
that the people would probably respond 
favorably if reasonable proof was pre- 
sented that: [1] there was a need for 
the project, [2] the facilities included 
in the bond issue would meet this need, 
and [3] the bond issue could be fi- 
nanced without a tax rate or water rate 
increase. Accordingly, a set of charts 
or pictographs was devised to make 
these points (Fig. 1). Without going 
through the entire presentation— 
which, incidentally, was limited to 10 
min of each public appearance—the 


points can be reviewed briefly. 

First, population forecasts were pre- 
sented and converted to future water 
requirements to indicate the growth of, 
and the need for more water in, the 


East Bay area. Next, with a series 
of charts, an attempt was made to ex- 
plain the major features of the project 
by discussing present capacities of the 
various facilities and the proposed 
new capacities upon completion of the 
project. In presenting these particu- 
lar charts, the objective was not to 
discuss projects as such, but simply to 
show the great expansion that was 
needed to meet community growth. A 
summary of the total construction cost 
was given as an introduction to the 
financing plan. It was also empha- 
sized that the bonds could be financed 
without an increase in taxes or water 
rates. The graphic presentation was 
concluded with a direct quote from 
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the consultant’s report, in which it 
was verified that the financing could 
be accomplished without tax or water 
rate increases. 

This, basically, was the East Bay 
bond issue story. Upon it was based 
an entire campaign. All other infor- 
mative material prepared by the dis- 
trict and the promotional material pre- 
pared by the citizens committee were 
keyed to this basic bond issue story. 


Organization of Citizens Committees 


As mentioned previously, it is the 
function of the citizens committee to 
raise campaign funds, prepare promo- 
tional materials, contract for advertis- 
ing, and conduct an aggressive cam- 
paign to persuade the citizens to vote 
for the bond issue. A committee is 
necessary because a public agency can- 
not legally engage in these activities. 
Furthermore, the effectiveness of a citi- 
zens committee is much greater than 
that of the public agency, because it 
represents a broader base of public 
opinion and manpower. 

There are, probably, as many ways 
to organize a citizens committee as 
there are reasons for forming it. The 
best way depends on the size of the 
job to be done and the number of peo- 
ple willing to help. The citizens com- 
mittee formed in connection with the 
East Bay bond issue actually consisted 
of two groups: an executive commit- 
tee of working volunteers and a com- 
mittee of 1,000, which represented 
citizens throughout the district who 
permitted their names to be used on 
publicity and advertising endorsements 
of the bond issue. 

The executive which 
started to organize 6 months before 
the election, included a general chair- 
man and two co-chairmen selected be- 


committee, 
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cause they were outstanding civic lead- 
ers in the community and because of 
their proven ability to pitch in and do 
the job. Two persons were selected 
from each geographical area within the 
district to serve as area chairmen from 
their city or locality. They were pri- 
marily responsible for securing speak- 
ing engagements in their areas, getting 
volunteers for the Committee of 1,000, 
and keeping the executive committee 
posted on the progress of the campaign 
in their respective areas. Chairmen 
of four working committees—finance, 
publicity and advertising, endorse- 
ments, and speakers bureau—were 
also appointed to serve on the execu- 
tive committee. 

Finance committee. This committee 
was responsible not only for raising 
funds, but also for an accounting of 
such funds and, above all, for control- 
ling expenses. The committee con- 
sisted of men in the community known 
to be good fund raisers. A _ funda- 
mental principle of election campaigns 
is that no commitment should be made 
until there is cash on hand to pay the 
bill. Sound businessmen will not serve 
on citizens committees that have un- 
paid bills after the campaign is over 
and no money to pay them. 

With regard to the actual mechanics 
of fund raising, it has been observed 
that the amount of money collected is 
in direct proportion to the number of 
personal solicitations made by the 
members of the finance committee. 
Direct-mail, form-letter appeals seldom 
return the preparation and 
mailing. Much better results seem to 
be obtained when the committee pre- 
pares a list of persons known to con- 
tribute to civic activities, or at least 
capable of doing so, and then assigns 
members of the committee to make 
personal solicitations. 


cost of 
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Publicity and advertising committee. 
This committee should consist of vol- 
unteers who are experienced in the 
general field of advertising and pub- 
licity. Usually, the membership is 
drawn from newspaper, radio, and TV 
executives and from executives in 
fields of outdoor advertising, transit 
advertising, and department store ad- 
vertising. It is the function of this 
committee to develop and prepare the 
many promotional materials needed in 
the campaign and to prepare and place 
all forms of advertising. Preparation 
of press releases and feature stories is 
another of its functions. 

When the campaign budget permits, 
the employment of a paid, professional 
campaign director is strongly recom- 
mended. Because the citizens com- 
mittee is, at best, a volunteer group, 
and because the public agency cannot 
enter the promotional activities of the 
campaign, there is a real need for a 
paid staff member who can be assigned 
the responsibility of overall coordina- 
tion of the campaign. In a large cam- 
paign, a headquarters office is needed 
as the focal point for all activities. 
Providing for and staffing such an of- 
fice can generally be handled best by 
a paid campaign director. Similarly, 
the contracting for all campaign sup- 


plies and advertising space should be 
handled by the campaign director, sub- 
ject to the prior approval of the ap- 
propriate subsections of the citizens 


committee. 

Before employing a campaign di- 
rector, it is important to have a clear 
understanding of the basis of his fee. 
Because the fee must be decided before 
it is known how much money will be 
raised for the total campaign, it is 
important to work out some type of a 
sliding-scale fee that can be adjusted 
in terms of the actual amount of money 
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raised. It is unwise to agree to a 
flat fee based on an estimated budget 
that may never be realized. Also, it 
should be remembered that in placing 
paid advertising, the campaign direc- 
tor, assuming he is an advertising 
agent (and most of them are), will 
receive a commission from the media 
of 15 per cent of the total advertising 
bill; this should be considered as part 
of his remuneration. 

Endorsements committee. Endorse- 
ment of the bond issue by civic and 
fraternal groups is helpful, for it indi- 
cates to the public a broad base of 
approval of the program. Such en- 


dorsements also offer many opportuni- 
ties for publicity, particularly during 
the early stages of the campaign. A 
direct-mail approach to all organiza- 
tions, requesting an endorsement and 
offering to appear before the group to 
explain the bond issue, will result in 


a considerable number of endorsements 
without further follow-up. When 
speakers are scheduled before such 
groups, the endorsement committee 
should follow up after the presentation 
to secure the endorsement. 

Speakers bureau. This is certainly 
one of the most important committees 
in the bond campaign. Properly or- 
ganized and trained, the speakers bu- 
reau can directly reach a large number 
of people in the course of the cam- 
paign. These people, in turn, will pass 
along the bond issue story by word 
of mouth to an even greater audience. 

There are, however, a few basic 
rules that should be observed in work- 
ing with a volunteer speakers bureau. 
It should be recognized that it 
seldom practical to educate the volun- 
teer speaker to the point where he 
can discuss the details of the project 
or is able to answer the variety of 
questions that will invariably be raised 


is 
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by the audience. Thus, the volunteer 
speaker should confine his remarks to 
broader aspects of the subject, such as 
the importance of the project to the 
community, the favorable past record 
of the public agency, and the necessity 
for approving the bond issue. Because 
the public agency cannot solicit for 
an affirmative vote, the citizens speaker 
must make the direct appeal to the 
audience. A qualified representative 
of the public agency should always 
accompany the citizens speaker to dis- 
cuss the details of the project and an- 
swer questions. 

In the East Bay bond campaign, 
there was an outstanding speakers bu- 
reau of more than 40 qualified speakers 
who worked with an equal number of 
district executives. Numerous train- 
ing sessions were held, in which both 
the citizens speakers and the district 
speakers participated. During each 
engagement, a citizens speaker and a 
district speaker worked as a team. In 
all instances, the citizens speaker was 
listed on the program as the principal 
speaker. He opened the presentation 
with a 5-min background talk on the 
importance of water to the community 
and the role of the utility district in 
the growth and development of the 
community. He then introduced the 
district representative who explained 
the project with the aid of pictographs 
or charts. The district representative 
limited his remarks strictly to the 
presentation of the charts, which re- 
quired 10 min. Following this, the 
citizens speaker returned to make a 
strong 5-min appeal for a favorable 
vote on the bond issue. The remaining 
10 min of the 30-min presentation was 
opened to questions from the floor. 
During the campaign, such presenta- 
tions were made to more than 250 
organizations. 
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Committee of 1,000. As mentioned 
previously, the Committee of 1,000 was 
composed entirely of citizens who had 
endorsed the bond issue and had per- 
mitted the use of their names for ad- 
vertising and publicity. This permis- 
sion, incidentally, should always be 
secured in writing to avoid embarrass- 
ment or even legal action in the event 
that a person later reneges and claims 
that his name used without 
permission. 

A further suggestion for making this 
type of committee most effective is that 
it should represent the broadest pos- 
sible cross section of the community, 
with regard to geographical area, em- 
ployment, racial background, and com- 
munity activity. It is a temptation to 
recruit the committee from the people 
who are known to be strong supporters 
of the agency, but for maximum effec- 
tiveness the broader representation is 


was 


desirable. 


Summary of Campaign Organization 


1. The formation of a citizens com- 
mittee is essential, because the public 
agency cannot legally campaign ac- 
tively in support of the bond issue. 

2. The primary function of the pub- 
lic agency in the campaign is to pre- 
pare the basic bond issue story and to 
complement the activities of the citi- 
zens committee by disseminating fac- 
tual information regarding the project 
and the bond proposal. 

3. The citizens committee 
raise the money and _ conduct 
campaign. 

4. The 
on a cash basis. 

5. A paid campaign director is the 
best man to coordinate the activities 
of the citizens committee and to fill 
in when a volunteer is unable to 
perform. 


must 
the 


campaign must be operated 
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Conduct of Campaign 

After the planning has been done 
and the citizens committee organized, 
the campaign is ready to begin. Most 
bond campaigns start slowly and build 
up momentum as election day ap- 
proaches. In the early stages of the 
campaign, money is scarce; campaign 
materials are being developed by the 
publicity and advertising committee, 
but are not yet available; paid adver- 
tising is being saved for the last few 
days of the campaign; and many of 
the detailed plans of the citizens com- 
mittee are still being worked out. 

Therefore, in the early stages of 
the campaign, heavy reliance must be 
placed upon newspaper publicity. In 
East Bay, it was found helpful to 
launch the campaign by holding a press 
conference to which the publishers of 
all the daily and weekly newspapers in 
the area (more than 40) were invited 
along with the representatives of radio 
and TV stations. It is important to 
make every effort to secure the attend- 
ance of publishers, station managers, 
and the press at such a conference. 

The press conference was called ap- 
proximately 4 months before the elec- 
tion date and prior to any public an- 
nouncement of the bond issue. At the 
conference the entire bond proposal 
was explained in detail, using picto- 
graphs and offering ample opportunity 
for questions from the press. Complete 
press kits were made available, con- 
taining all possible statistical data, de- 
scriptive materials, and photographs, 
from which subsequent news stories 
and feature articles could be prepared. 
Press releases were also available for 
the smaller weeklies, which appreciate 
a ready-to-go story. 

The publicity resulting from the 
press conference served as the initial 


announcement to the public of the 
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bond proposal and signaled the start 
of both the district and citizens com- 
mittee publicity programs. In gen- 
eral, the district press releases through- 
out the campaign were concerned with 
the need for and the description of the 
bond program. The publicity of the 
citizens committee concentrated 
on the various appointments to the 
committee, the endorsements received, 
the publicizing of the activities of the 
speakers bureau, and, finally, the ac- 
tual appeal to the voters to approve 
the bond issue. 

Although a press conference was 
chosen as the start of this campaign, 
there were many other approaches that 
might have been equally effective: 


was 


town meetings, civic luncheons, cham- 
ber of commerce meetings, and a wide 
variety of similar affairs that focus at- 
tention on the project and start the 
flow of publicity. 


Endorsement by Key Groups 
Immediately following the initial an- 
nouncement of the bond 
important to appear promptly before 
certain key groups in the community 
in an effort to present the facts and 
secure immediate support. In the East 
Bay Campaign, appearances were made 
before a legislative delegation in Sacra- 
mento, the boards of supervisors of the 
two counties served, the city councils 
of thirteen cities, the taxpayers asso- 
ciations, several property owners or- 
ganizations, various industrial and 
labor organizations, and many cham- 
bers of commerce. It is believed that 
many citizens look to these particular 
groups for advice in forming their per- 
sonal opinions of a bond issue, and 
everything possible was done to pre- 
sent all the facts to such organizations 
as promptly as possible. Further, it 
was decided that their early endorse- 


issue, it is 


ISSUE 
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ments of the bond issue, if secured, 
would be an excellent example of the 
broad community support that was 
essential to a successful campaign. 
Contact with the majority of these 
groups was established during the first 
few weeks of the campaign. 

From this point on, the East Bay 
bond campaign can be described only 
as a wonderful and continuing effort 
on the part of hundreds of dedicated 
workers, both volunteer and district 
staffs, to bring the bond issue story to 
the people. 

Fund raising was, as always, an ar- 
duous chore. As the money came in, 
more and more promotional materials 
were ordered. When lack of funds did 
not permit the purchase of materials 
needed, ingenious devices were worked 
out to obtain the same result in some 
other way. 

Speaking engagements were solicited 
from every known organization in the 
community. Frequently, as many as 
twelve teams of citizen speakers and 
district representatives were operating 
in a single day. Endorsements of the 
program began to arrive in increasing 
numbers. 

Publicity built up, news releases 
were frequent, feature articles began 
to appear—the first editorials were re- 
ceived gratefully. Slowly, the begin- 
ning of a general awareness of the bond 
issue came about. People were over- 
heard talking about it. The citizens 
committee headquarters began to re- 
ceive complaints from volunteer work- 
ers that more materials were needed 
and that someone’s name was left out 
of the last press release. These com- 
plaints, within reason, are a good sign. 
They show that people are working 
on the project. The campaign was 
now off the ground and moving fast, 
but not fast enough. 
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Public Opinion Poll 

One month before the election date 
another public opinion poll was con- 
ducted to determine the effectiveness 
of the campaign. Although the over- 
all results of the campaign were en- 
couraging, there were also areas of dis- 
appointment. Far too many voters 
were still not aware of the facts of the 
bond issue and thus were undecided as 
to how they would vote. Some geo- 
graphical areas had not been covered 
as well as others. The hard core of 
about 20 per cent of the voters who, 
it is said, oppose every bond issue were 
present in this campaign. 

Most significant was the fact that 
the public still feared that passage of 
the bond ‘ssue might result in an in- 
crease in taxes or water rates. Of 
further concern was the point, brought 
out by the poll, that people generally 
felt that even if the bonds were not 
passed, there was little danger of a 
water shortage, and they expressed 
confidence—or wishful thinking—that 
somehow the district would prevent 
such an occurrence. 

The results of this poll spurred the 
citizens committee to even greater ac- 
tion. Particular emphasis was placed 
on the financing plan, and assurances 
were made that the bond issue would 
not require tax or water rate increases. 
Although the committee and the dis- 
trict were in complete agreement that 
it would be unwise to conduct a fear 
campaign based on the threat of a 
water shortage, the 
light of this poll, it did become neces- 
sary to emphasize the probable conse- 
quences to the community should the 
bond issue fail. 

It was planned that the campaign 
would continue to pick up speed during 
the last month and reach its height 
during the last week and particularly 


nevertheless, in 
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the last 2 or 3 days before election 
day. It should be mentioned here 
that it is most important throughout 
a campaign of this type to hold back 
the big “ammunition” for the climax 
and to resist the temptation for big 
efforts too early, although there may 
be a feeling that the campaign is drag- 
ging. For example, regardless of the 
strength of local newspaper support, 
there is a practical limit to how much 


Fig. 2. 


Colorful “drop-ins,” printed on newspaper 
stock, were distributed by retail stores. 


“Drop-In” 


space can be given to a single activity. 
Furthermore, press releases must have 
news value; one cannot keep repeating 
the same material. Thus, if the papers 
are flooded with releases and the whole 
story told too early in the campaign, 
material will run out just when the 


publicity is needed the most—that is, 


during the last few days of the 
campaign. 

It is the same with paid advertise- 
ments. Seldom is there enough money 
to pay for more than a few days of 
concentrated ads. These are most ef- 
fective immediately before the election 
and, therefore, should not be used too 
éarly in the campaign. 

Even with the citizens committee, 
there is a limit to the amount of time 
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and effort one can expect a volunteer 
to give to a civic project, regardless 
of its merit. Therefore, this man- 
power should be used in such a way 
that it will finish strong and not be 
worn out in the middle of the campaign. 


Promotional Materials 

As the election approaches, the use 
of promotional materials becomes in- 
creasingly important. In general, pro- 
motional materials are used in a cam- 
paign to capture the attention of the 
voter and to give the agency an oppor- 
tunity to solicit his vote. Therefore, 
the more different the types of promo- 
tional materials one can use, the better 
the chance of attracting the voter’s at- 
tention. The material must clearly 
designate which ballot number or letter 
the voter should mark on election day. 

The following are some of the pro- 
motional materials, common to most 


campaigns, that were used by the East 
Bay citizens committee: 

Brochures or booklets giving the 
facts about the bond issue are almost 


essential. They can be distributed by 
the speakers bureau at all speaking en- 
gagements and can be used as direct- 
mail pieces if funds permit. They fur- 
ther provide an inexpensive method of 
answering inquiries about the bond 
issue. 

Throw-aways and drop-ins are simple 
compositions (Fig. 2) usually printed 
on newspaper stock and handed out 
on the street or wherever large groups 
of people assemble. They were widely 
distributed by grocery, drug, and other 
retail stores, where clerks dropped 
them in each package at the cash reg- 
ister or checking stand. Laundries 
placed them in all of their bundles for 
several weeks before the election. 

“Dear Friend” cards are postal 
cards that carry a brief request to 
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vote for the bond issue ; they were dis- 
tributed throughout the district. Each 
person given 15 or 20 postals was 
asked to address them to an acquaint- 
ance, add his own signature, and mail 
them. Many volunteer groups offered 
to address and send out these cards, 
which, en masse, can be quite effective. 

Chain letters are a take-off on the 
original chain letter idea and provide 
a method of placing a considerable vol- 
ume of material in circulation. Like 
the monetary chain letters, they never 
work as well in practice as in theory ; 
nevertheless, they are worth a try. 

Bumper strips and window stickers 
are helpful and should be used in 
quantities depending upon the amount 
of money available. 

Postal slugs to be used with postal 
metering machines are relatively in- 
expensive, and many large firms will 
agree to use them on their outgoing 
mail for a few weeks before the elec- 
tion. They are limited to a very brief 
message, but the message can be broad- 
cast widely. 

Quarter cards are displayed in store 
windows and on company bulletin 
boards. Provided that arrangements 
can be made to have these distributed 
at little or no cost, such cards can be 
helpful. Mass distribution is often ex- 
pensive, however, and better results 
can frequently be obtained from other 
devices. 

Billboard advertising is generally 
quite expensive if any significant cover- 
age A few well- 
placed, large boards on freeways or 
major streets seem more practical than 
extended coverage by smaller boards. 
Lacking the funds for regular bill- 
boards, the East Bay committee was 
successful in getting the approval of 
several factories along the freeways to 
use the sides of their buildings to dis- 


is to be obtained. 
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play inexpensive oilcloth signs. Many 
supermarkets and other stores now 
use large marquee-type bulletin boards 
with movable letters. Arrangements 
were made to run “Vote Yes on ‘B’ 
for Water. June 3rd” on such bulletin 
boards for a few days immediately be- 
fore the election. 

Radio and TV spot announcements 
are, of course, very helpful. In metro- 
politan areas where the TV coverage 
goes far beyond the locale area of the 
election, the cost of TV is usually pro- 
hibitive, both because of the time 
charge and because the message is 
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reach the more remote areas of the 
community (Fig. 4). The sound truck 
should be used primarily for musical 
background to attract attention, letting 
the traveling billboard give the mes- 
sage. Attempts to use the sound truck 
as a traveling speaker’s platform do not 
seem to be very effective; they tend 
to antagonize people who resent the 
noise and who cannot hear the message 
anyway. 


Newspaper Advertising 


Newspaper advertising is very im- 
portant in the last days of the cam- 


Fig. 3. Bus “Spectacular” 


Used on buses and street cars in metropolitan areas, these signs were very effective 
and relatively inexpensive. 


wasted on so many people who are not 
involved in the local election. This 
is true to a lesser extent with radio, 
except in those instances when the sta- 
tion has a truly local audience. 

Bus cards and spectaculars, used on 
the side of buses and street cars in 
metropolitan areas, are very effective 
and relatively inexpensive in relation 
to the audience reached (Fig. 3). In- 
terior bus cards are helpful, but they 
reach a much smaller audience. 

Sound trucks coupled to traveling 
billboards can be used effectively to 


paign. Probably the principal justifi- 
cation for earmarking a large per- 
centage of the campaign budget to 


newspaper advertising is because it 


represents the method of 
reaching the largest number of people 
with a message that can be completely 
controlled in size and content. In gen- 
eral, a few large ads, run on consecutive 
days immediately before the election, 
are superior to smaller ads, run more 
frequently throughout the campaign. 
An important feature of this type of 
ad is the inclusion of as many names 


cheapest 
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of persons and organizations endorsing 
the campaign as it is possible to run 
within the space afforded. Copy 
should be limited to a few key points, 
with most emphasis placed on the 
proposition designation. 


Special Activities 

In discussing methods of speeding 
up the tempo of the campaign and 
focusing public attention on the bond 
issue during the last week or 10 days 
of the campaign, mention should be 
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13 cities and the 2 counties within the 
district. 

The boards of supervisors of both 
counties and all the city councils passed 
resolutions declaring the week as 
“East Bay Municipal Utility District 
Anniversary Week,” and each chamber 
of commerce prepared similar resolu- 
tions of and best 
These actions offered many 


congratulations 
wishes. 
possibilities to photograph the various 
mayors signing proclamations and re- 
sulted in a steady flow of publicity im- 


NO INCREASE IN TAXES OR WATER RATES 
Eost Bay Citizens Comite Fr Nok Dect 


Pig. 4. 


Sound Truck and Traveling Billboard 


These are effectively used in areas of the community where newspaper circulation ts 
light and other forms of publicity are relatively ineffective. 


of the possibility of arranging 
some special activity that will com- 
mand community-wide attention. The 
special activity may be a parade, rally, 
or an open-house program. 

The East Bay Municipal Utility Dis- 
trict was fortunate that the 35th anni- 
versary of its organization fell on a 
date less than 10 days before the elec- 
tion. Accordingly, an anniversary 
luncheon and celebration was arranged 
and sponsored by each of the 20 cham- 
bers of commerce and by each of the 


made 


mediately prior to the luncheon. The 
luncheon itself drew a crowd of more 
than 400 civic leaders and public off- 
cials who added to the enthusiam of 
the campaign and sparked further pub- 
licity of the bond issue. 


Conclusion of Campaign 


With this extra “shot in the arm,” 
the campaign raced to its conclusion, 
and by election eve, the community had 
been fairly well saturated with the 
bond issue story. On election day, the 
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few remaining speaking engagements 
were concluded; the final advertise- 
ments were run; sound trucks and 
traveling billboards covered the areas 
of known weakness; and the decision 
was left to the voters. 

Fortunately, the results at the polls 
were gratifying, for the bond issue 
passed by a margin of 34 to 1, with less 
than 50 out of more than 2,000 pre- 
cincts failing to approve it. In many 
areas the voting ran as high as 20 and 
30 to 1 in favor. 


Followup After Election 


Certain followup actions are desira- 
ble after a bond campaign. A 
tematic method should be devised to 
express appreciation to the voters gen- 
erally and to the citizens committees 
specifically, for they are entitled to the 
major share of the credit for a suc- 
cessful campaign. As a matter of good 


sys- 


public relations, both of these groups 
should be kept fully informed of the 
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progress of the project throughout 
the construction period. Fortunately, 
most construction projects provide 
ample opportunities for photographs 
and publicity. Group tours are bene- 
ficial. In the past, motion pictures 
have been taken of major construction 
projects and then made available for 
showing to interested groups. Bill in- 
serts and pamphlets provide an in- 
expensive method of reporting to the 
public on the investment of funds they 
have authorized. Every effort should 
be made to maintain the close rela- 
tionship with the public that was devel- 
oped during the campaign. 

A precinct-by-precinct review of the 
results of a bond issue election pro- 
vides one of the best, and certainly the 
least costly, public opinion polls that 
can be obtained. Such a study will 
reveal areas of strength and weakness 
and will be helpful in guiding the 
operations and public relations pro- 
grams of agencies starting now to plan 
for future bond issue campaigns. 
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HERE have been a number of 

questions raised by water utility 
officials, state departments of health, 
research groups, and practicing engi- 
neers with respect to the engineering 
problems associated with fluoridation 
of a water supply. These questions 
center around: [1] the feasibility of 
applying the fluoride ion to large vol- 
umes of water, with effective mixing 
and diffusion throughout ; [2] the per- 
sistence of fluoride ion residuals in 
systems comprising many miles of old 
and new distribution mains and a 
variety of pipe materials; and [3] the 
effectiveness of control of dosage and 
residuals within limits accepted by the 
medical profession as safe and estab- 
lished by the medical and dental pro- 
fessions as optimal for the prevention 
of dental caries. 

In 1957, the New York State De- 
partment of Health requested the Re- 
search Division of the New York Uni- 
versity College of Engineering to 
undertake a study of water fluoridation 
practices in major cities of the United 
States. The purpose of the study was 
to evaluate fluoridation practices and 
present recommendations to assist the 
state health department in advising 


water utilities on engineering practices 
associated with fluoridation. 

A guide form was developed to as- 
sist in the orderly assembly of perti- 
nent information. Twenty cities in 16 
states were investigated, and confer- 
ences were held with representatives 
of water and health departments who 
were responsible for monitoring, super- 
vising, operating, and maintaining treat- 
ment programs. Additional informa- 
tion on 9 cities in the San Francisco- 
Oakland Bay area was obtained from 
studies made by the California State 
Health Department, Bureau of Sani- 
tary Engineering. San Juan, P.R., 
also practices water fluoridation, infor- 
mation about which was obtained by 
correspondence. 


General Discussion 

Twenty cities were studied in detail 
(Table 1). The largest of these is 
Chicago, Ill., the smallest Charlotte, 
N.C. The total population of the 20 
cities serving fluoridated water is 
18,721,220. In the United States, at 
the end of 1956, there were 31,416,060 
people receiving water with fluoride 
ion from 1,487 water systems. This 
study, therefore, includes 59.6 per cent 
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of the total population of the United have more than 300,000 people. The 
States receiving fluoridated water at average population of 18 of these 
that time. cities * is 988,900; the median popu- 
Five of the 20 cities serve popula- lation is 658,000. 
tions of 1,000,000 or more. These five On the basis of annual average daily 
represent 56.8 per cent of the popula- demand, Chicago ranks first with 
tion included in this study and 33.9 1,031.5 mgd. The average demand of 
per cent of the population of the nation 18 cities * is 174.8 mgd; the median 
then receiving fluoridated water. Of flow is 105.1 mgd. On the basis of 


rABLE 1 


Water Service and Treatment—1956 Data 


Treatment Plants 


Popu Fluorida 
lation tion Avg 
Served Started Cc : Amount 
No. — of Water -atmentt 
mee Treated* 
med 


Baltimore, Md 1,336,760 | Nov. 1952 ‘ 198.0 Coag §S, 

Buffalo, N.Y. 600,000 | May 1955 Coag §S, : 

Charlotte, N.C 185,000 | Apr. 1949 19.8 Coag S, fa 3" TO, NH; 

Chicago, Ill. 4,488,000 | May 1956 32 338.2 Coag S, RF, C, F , 

Cleveland, Ohio 1,600,000 | Jui. 1956 j { 323.2 Coag S, 

Denver, Colo. 641,000 | Jun. 1954 ; 52 106.5 Sed, Cos 

Indianapolis, Ind 530,000 | Aug. 1951 | 65.6 . 

Louisville, Ky. §50,000 | Aug. 1951 | 81.0 Sed, & oag S, RF, C, Fi, WS, TO 

Miami, Fla. 500,000 | Apr. 1952 | 81.0 RF, Fl, WS, Coag S; CCO 

Milwaukee, Wis 812,700 | Jul. 1953 2 140.4 ( sh, S, RF, C, Fl, TO, NHs 

Norfolk, Va. 317,500 | Aug. 1952 41.0 Coag S, RF, C, Fl, CCO, TO 

Philadelphia, Pa. 2,170,000 | Sep. 1954 45! 353.4 Sed, Coag S, RF, SF, C, Fl, CCO, 
TO, CD, O 

Pittsburgh, Pa. 675,000 | Dec. 1952 105.0 Sed, Coag S, SF, C, Fl, CCO, TO 
cD 


Providence, R.I 395,660 | Sep. 1952 | 41.4 Coag S, RF, C, FI 

Rochester, N.Y 320,000 | Jul. 1952 | 9.6 c oag S, RF, F } 

St. Louis, Mo 867,500 | Sep. 1955 | 176.8 Sed, Coag S, RF, Fl, NH; 

St. Paul, Minn 357,000 | Oct. 1952 40.0 ‘oag S, rey , ws. NHs, CCO 

San Francisco, Calif. 941,100 | Aug. 1952 : 112.8 : 

Toledo, Ohio 390,000 | Dec. 1955 2 67.9 Sed, CD, NHs, C, FI, 
‘oO, TO’ 


Washington, D.¢ 1,044,000 | Jun. 1952 2 160.0 Sed, C , RF, CD, SF, C, FI 


* Partial or total treatment of supply; not necessarily the same as water demand 

t Key: Coag S, coagulation and sedimentation; RF, rapid sand filtration; C, chlorination; Fl, fluoridation; 
CCO, corrosion control; Fe, iron removal; TO, taste and odor; WS, water softening; Sed, plain sedimentation; 
NHs, ammonia-chlorine; SF, slow sand filtration; CD, chlorine dioxide; Pre.Sed, preliminary sedimentation; and 
Os, ozoné ation 

t South District treatment plant. The water at Chicago's other 8 treatment plants is treated with chlorine 
and fluorine only. 

§ Chlorination plants 


the five, Philadelphia and Chicago are average per capita consumption of 18 
two of the five most populous cities in cities,* Chicago leads with 229.8 gped. 
the United States. Six of the cities Providence, R.I., with 104.5 gped, has 
the least per capita consumption. The 
median is 154.5 gped. 

Table 1 shows when fluoridation 
began in each city studied. Charlotte, 
the first of this group, started in April 


studied—Chicago, Philadelphia, Cleve- 
land, Baltimore, Washington, and St. 
Louis—are among the ten most popu- 
lous cities of the United States, ac- 
cording to the 1950 census. With the 
exception of Charlotte, all 20 cities * Buffalo and Rochester are excluded. 
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1949, Louisville, Ky., and Indianapo- 
lis started in 1951. Nine of the 
twenty—Baltimore ; Washington; San 
Francisco; Pittsburgh; Miami, Fla. ; 
Providence, R.I.; St. Paul, Minn.; 
Rochester, N.Y.; and Norfolk, Va.— 
began fluoridating water in 1952. The 
practice began in Milwaukee in 1953, 
and in Denver and Philadelphia in 
1954. St. Louis, Buffalo, and Toledo, 
Ohio, followed in 1955. Cleveland and 
Chicago began to fluoridate in 1956. 
Nineteen of the cities have municipally 
owned water utilities. Indianapolis is 
served by a privately owned utility. 
Water Systems 

These cities derive or all of 
their water from surface sources, with 
the exception of Miami. Ground 
waters provide Denver with 18 per 
cent of its supply. The systems at 
Indianapolis, Milwaukee, and. San 
Francisco depend on ground water for 
1 per cent or less of their total supply. 

None of the water is put into distri- 
bution without some form of treatment 
in addition to fluoridation (Table 1). 
Many of the systems have the advan- 
tage of lake storage, or storage in large- 
capacity raw-water reservoirs. This 
stored water is at least chlorinated be- 
fore distribution. In combination, the 
20 systems provide all the usual types 
of treatment : 


some 


No 


Type of Treatment Systems 


Primary sedimentation ] 

Chemical coagulation and 
sedimentation 

Rapid sand filtration 

Slow sand filtration 

Softening 

Corrosion control 

Iron removal 

laste and odor control 

Chlorination 

Chlorination plus ammonia 

Chlorine dioxide 

Ozonation 


FLUORIDATION 
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rABLE 2 
Water Demands 
Percentage of 


Annual Avg 
Daily Demand 


Annual 
Av 


med 


Winter | Summer 


Baltimore, Md 
Buffalo, N.Y. 
Charlotte, N.C. 
Chicago, Ill. 
Cleveland, Ohio 


96.5; 105 199.6 
130.0 
19.8* 
1,031.5 


323.2f 


89.8 114 | 
91.5| 112.5 
88.7| 116 


Denver, Colo. 63 151 

Indianapolis, Ind. 92.8; 108.2 
Louisville, Ky. 91.6; 103.3 
Miami, Fla. 101.5; 98.8 
Milwaukee, Wis 81.6) 117.1 


105.2 
63.4 
82.0 
80.0 

140.4 


Norfolk, Va. 94.9) 110.7 | 
Philadelphia, Pa. 99.0} 101.8 | 
Pittsburgh, Pa. 
Providence, R.I. 93.2 | 108.7 
Rochester, N.Y. 


41.3 
351.7 
105.0 

41.4 

42.0 


181.5 
40.0¢ 
91.3t 
63.4 

153.2§ 


St. Louis, Mo. 

St. Paul, Minn. 
San Francisco, Calif 
loledo, Ohio 
Washington, D.C 


122.1 


* 1957 data 

+ 1955 data. 

t Direct service to city 
County 

§ Demand for city only 


and northern San Mateo 


Several of the cities have more than 
one treatment plant (Table 1). Den- 
ver has five, Philadelphia has four, 
Cleveland and Baltimore each have 
three. San Francisco has 9 chlorina- 
tion stations; Chicago has eight, as 
well as the South Side treatment 
plant. There are 11 systems that do 
not need to operate treatment plants 
at full capacity to meet maximum 
demands. The other nine systems 
find it necessary to do so every so 
often. 

As one might anticipate, seasonal 
demands show greater divergence in 


colder climates. Table 2 analyzes the 
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demands on the various systems in per- 
centage of the annual average daily de- 
mand. The larger systems—Chicago, 
Milwaukee, and St. Louis, for exam- 
ple—have winter demands approxi- 
mately 90 per cent or less of the annual 
average. Denver has a winter demand 
of 63 per cent and a minimum monthly 
average of 62 per cent. This city 
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mand is 98.8 per cent. Baltimore and 
Philadelphia are affected by industrial 
demand as well as milder climate. The 
winter demands are over 95 per cent 
of the annual; the summer demands 
do not exceed 105 per cent. 

The characteristics of the distribu- 
tion systems are shown in Table 3. 
Water stored for distribution may be 


TABLE 3 


Characteristics of Distribution Systems 


Pipe 
Diameter 
Range 
in 


Baltimore, Md. 
Charlotte, N.C. 
Chicago, Ill. 
Cleveland, Ohio 
Denver, Colo. 
Indianapolis, Ind. 
Louisville, Ky. 
Miami, Fla. 
Milwaukee, Wis. 
Norfolk, Va. 
Philadelphia, Pa. 
Pittsburgh, Pa. 
Providence, R.1. 
Rochester, N.Y. 
St. Louis, Mo. 
St. Paul, Minn. 
San Francisco, Calif. 
Toledo, Ohio 


Estimated Time of Water 
Delivery After Fluoridation 


Pipe Materials* 


Maximum Minimum 
days hr 


0.4 
10 

0.2 
46 


0.02 + 
5+ 


(enamel) 


Washington, D.C. 


* Key: Cl, cast iron; CLCI, concrete-lined cast iron; C, 
asbestos cement; Pb, lead; and GI, galvanized iron 


coal-tar enamel; AC, 


shows the extreme summer demand 
of 151 per cent, a maximum monthly 
demand of 171 per cent, a maximum 
daily demand of 206 per cent, and a 
peak hourly demand of 468 per cent. 
The Miami system demonstrates the 
effect of increased winter population. 
The winter demand is 101.5 per cent 
of the annual average ; the summer de- 


Fig Re Sry hy Ee 5+ 


concrete; S, steel; SL, steel lined with concrete or 


on the line or may pass through reser- 
flowing into the area 
mains, depending on the _ system. 
Variations in methods of inventory 
make it difficult to compare piping ma- 
terials and sizes; however, some data 
from the cities are shown. Pipe ma- 
terials for mains include iron, 
concrete-lined iron, lined 


voirs before 


cast 


cast steel, 
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steel, concrete, and asbestos-cement. 
The Chicago system has over 4,000 mi 
of lines, Baltimore over 2,000, and 
Charlotte only 636. General storage 
in distribution varies from 12 mil gal 
in Charlotte to 2,960 mil gal in San 
Francisco. Distance along distribution 
routes varies from 11 mi in Indianapo- 
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Temperatures of water in the several 
systems are dependent to a large ex- 
tent on the characteristics of the sys- 
tem. Temperatures for January, July, 
and for the year are shown in Table 
4. These figures also reflect the cli- 
mate of the location of the system. 
Miami, for example, has practically no 


TABLE 4 


Average Water Temperatures in City Systems 


January 


Min. Max. Avg 


Baltimore, Md. 37 
Charlotte, N.C. 43 : 48 
Chicago, III. 32 . 32 
Cleveland, Ohio 32 . 33 
Denver, Colo. 

Moffat 48 5: $43 

South Platte 46 47.! 
Indianapolis, Ind. 33 35 
Louisville, Ky. 34 
Miami, Fla. 74 
Milwaukee, Wis. 42 4: 44 
Norfolk, Va. 46 51 48.! 
Philadelphia, Pa. 33 36 
Pittsburgh, Pa. 
Providence, R.I. 41 : 43 
Rochester, N.Y. 
St. Louis, Mo. 38 
St. Paul, Minn. 35 
San Francisco, Calif. 

Crystal Springs 48 

San Andres 46 
Toledo, Ohio 35 
Washington, D.C. 32 


lis and St. Paul to 35 mi in Rochester. 
Time of delivery after fluoridation is 
extremely variable but may take up to 
8 days (as in Charlotte) or 19 hr (as 
in Norfolk) for distant consumers. 
Nearby consumers, of may 
receive fluoridated water in a matter 
of minutes, as in Chicago, Miami, 
Rochester, St. Paul, and Toledo. 


course, 


42.5 


Temperatures—°F 


July Annual 


Min Max. 


70 


72 


63 
62 


71 
70 


variation in temperature of its well 
supply. St. Paul, St. Louis, and 
Washington reflect river water vari- 
ations. The range of temperature for 
all cities is 32°-90°F, with an annual 
average variation of 47.5°-77°F. 
Pressures in distribution systems are 
a result of localized conditions, design, 
and operations. Some cities have as 
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as 11 pressure zones; others 


Pressures may range 


many 
have only one. 
up to 235 psi. 

It may be concluded from the fore- 
going that there are few variants in 
water systems that are not present in 
the 20 systems studied. 
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delphia’s Delaware has 0.07 
ppm iron and Pitts- 
burgh’s Allegheny River supply has 
0.1 ppm iron and 0.11 ppm manganese. 
The calcium range among 22 supplies 
is 7.2-77.7 ppm, with the White River 
supply in Indianapolis having the high 


su} df ly 
manganese. 


rABLE 5 


Chemical Analyses of Treated Water Supplies 


Alka Fe 
linity . 
0.01 


Baltimore, Md. : 42 
. 0.0 


Charlotte, N.¢ 
Chicago, Ill. 
South District : 1 
Central & N. District : i! 
Cleveland, Ohio 88 
Denver, Colo. 
S. Platte source 
Moffat source 
Indianapolis, Ind 
Fall Creek 
White River 
Louisville, Ky. 
Miami, Fla. 
Hialeah 
Alexander Or 
Milwaukee, Wis 
Norfolk, Va. 
Philadelphia, Pa. 
Schuylkill source 
Delaware River source 
Pittsburgh, Pa. 
Providence, R.I 
St. Louis, Mo. 
Mississippi River 
Missouri River 
St. Paul, Minn. 
San Francisco, Calit 
Crystal Springs 
San Andres 
Toledo, Ohio 
Washington, D.( 
Dalecarlia 
Mc Millan 


15 0.015 
2 0.025 
0.01 


0.02 
0.04 
0.0 


0.0 
0.02 
0.004 


0.056 
0.07 
0.1 
0.01 


Water Characteristics 


Table 5 compares the chemical com- 


position of the treated waters. The 
pH range is 6.4-9.15. Of 24 supplies, 
four have pH values less than 7.0; 
twelve have 7.0-8.0; and eight have 
values greater than 8.0. 

The alkalinity range of 21 supplies 
is 5-218 ppm. Iron and manganese 
in treated waters are negligible. Phila- 


Concentration—ppm 


0.99 
1.0 


0.79 
0.56 


0.76 
0.92 


0.89 
0.90 
0.99 


0.85 
0.16 


0.91 
0.94 
0.64 


0.9 
1.0 
1.08 


0.06 7.6 
0.06 10.1 
20.1 


4.6 
6.5 


value. The chloride range is 0.5-42.0 
ppm, both extremes being found in 
Denver. 

The range of hardness (as CaCO, ) 
Four- 
teen supplies have more than 100 ppm 
calcium The bicarbonate 
range is 6-114 ppm in 14 supplies re- 
The range of sodium and po- 
2.6-55.6 ppm in 


in 25 supplies is 23-306 ppm. 
carbonate. 


ported. 
tassium combined is 
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18 supplies reported: three have 4.0 
or less; seven have 4.1-8.0; three have 
8.1-12.0; two have 12.1-24.0; and 
three have more than 24 ppm. 

Fluoride ion was present in all sup- 
plies reported. 


Fluoridation Equipment and Chemi- 
cals 


Table 6 contains data on fluoridation 
stations, fluoride ion in source water, 
the chemicals and dosages used, and 
the average fluoride ion in treated 
water, reported by the 20 cities. The 
averages are not in relation to one an- 
other, as they are not based on concur- 
rent sampling. Nor are they neces- 
sarily reconciled with respect to total 
source residual plus dosage. 

In the 20 cities there are 37 fluorida- 
tion stations in which are located 46 
feeder units (Table 7). Chicago has 
3 stations with 6 feeder units; Phila- 
delphia, 5 stations with 7 units; and 
San Francisco, 3 stations with 4 units. 
Few stations have duplicate equip- 
ment; feeding is stopped while unit 
repairs are being made. It is gener- 
ally understood that decreased flu- 
orides in the system for a short pe- 
riod of time are of no consequence. 
Great care is exercised to prevent over- 
dosage. It is apparent from the opera- 
tions studied that the chemical feeders 
maintain dosage within much 
closer limits of accuracy than speci- 
fied by the the 
equipment. 

The chemical specifications followed 


can 


manufacturers of 


are essentially those recommended by 
AWWA (1-3). The quantities of 
fluoride-bearing chemicals used in each 
of the cities in 1950-56 are shown in 
Table 8. The chemicals consumed in 
1956 included 3,957 tons of hydrofluo- 
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silicic acid, 459 tons of sodium fluoride, 
and 2,614 tons of sodium silicofluoride. 
In 1956, 4 cities were using the acid, 
four were using sodium fluoride, and 
twelve were using sodium silicoflu- 
oride. In 1957, St. Paul changed from 
sodium fluoride to acid, and Toiedo 
changed from sodium fluoride to so- 
dium silicofluoride. Among the 20 
cities, only Charlotte and Norfolk were 
using sodium fluoride in 1957. Char- 
lotte provided an alternate bid specifi- 
cation for sodium silicofluoride for 


1958. 


Cost Estimates 


A summary of fluoridation costs in 
18 cities is given in Table 9. Chicago 
has spent $382,040 on construction of 
facilities, more than any of the other 
cities. The amortized annual cost has 
been estimated at $32,003 per year. 
Cleveland has the next highest cost of 
construction, $116,082, which reduces 
to an annual cost of $9,724. Phila- 
delphia, San Francisco, and Washing- 
ton follow in that order. Chicago has 
the highest annual operating cost— 
$370,355, which includes $288,770 for 
chemicals and $81,585 for maintenance 
and operations. Chicago is also the 
biggest user of water and has the 
largest population served. Its total 
fluoridation costs amount to 8.9 cents 
per capita or $1.07 per million gallons 
of water served. 

More than half of Denver’s water 
contains fluorides naturally ; hence, the 
total annual cost is low at $0.30 per 


million gallons or 1.8 cents per capita. 
If the charges are computed on the 


amount of water to 


chemicals 


which fluoride 
added in 1956, that 
charge would be $0.80 per million gal- 
lons or 4.8 cents per capita. 


were 
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TABLE 6 


Average Fluoride lon Content in Source and Treated Waters* 


Avg F- } Avg F- 
Content in Avg F- Content in 
City & Plant Source Chemical Dosage Treated 
Water ppm Water 
ppm ppm 


Baltimore, Md. 
Montebello 0.11 H.SiF ¢ 1.18 0.99 
Ashburton 0.0 H.SiF ¢ 18 0.83 
Buffalo, N.Y. 
Colonel Ward Na2SiF 5 
Charlotte, N.C. 
Vest Station NaF 0.95 
Chicago, Il. 
South District H2SiF ¢ 0.85 
Central Zone H2SiF 5 0.56 
North Zone H.SiF ¢ 0.58 
Cleveland, Ohio 
Nottingham Na2SiF ¢ 0.90 
Baldwin Na2SiF s 
Division Na2SiF s 
Denver, Colo. 
Moffat 0.10 NaaSiF 5 0.9 
Indianapolis, Ind. 
Fall Creek 0.20 NaoSiF s ; 0.94 
White River 0.20 Na2SiF 5 0.99 
Louisville, Ky. 
Louisville Treatment Plant 0.20t | NaeSiFs r 0.99 
Miami, Fla. 
A. Orr Jr. 0.16 Na2SiF 0.8-1.0 
Milwaukee, Wis. 
Treatment Plant 0.09 Na2SiF’s 0.9-1.0 
Norfolk, Va. 
Moores Bridges trace NaF 1.0 0.9 
37 St. Filter Plant trace NaF 1.0 0.9 
Philadelphia, Pa. 
Queen Lane North 0.25 H2SiF ¢ 0.87 1.02 
Queen Lane South 6.25 | HSiF¢ | 0.87 0.94 
Torresdale 0.18 | HSiF. 1.02 1.11 
Upper Roxborough 0.20 H.SiF ¢ 0.93 1.04 
Lower Roxborough 0.20 H2SiF 6 0.83 1.04 
Belmont 0.15 H.SiF ¢ 1.05 1.07 
0.15 | HSiF, | 1.09 
Pittsburgh, Pa. 
Aspinwall 0.40 Na2SiF ¢ 0.62 
Providence, R.1I. 
Providence Treatment Plant 0.22 NaSiF s 1.00 
Rochester, N.Y. 
Hemlock 0.00 NasSiF. | 1.0 
Lake 0.10 | Na2SiF ¢ 0.93 
St. Louis, Mo. 
Chain of Rocks 0.40 H.SiF ¢ 0.55 0.92 
Howard Bend 0.49 H.SiF . 0.05 0.93 


* Averages are not compiled on a concurrent sampling basis and are not necessarily reconciled as to total 
source residual plus dosage 
t Maximum. 
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TABLE 6—Average Fluoride Ion Content (contd.) 


Avg F- 


Content in 


Source 
Water 
ppm 


City & Plant 


St. Paul, Minn. 

St. Paul Treatment Plant 
San Francisco, Calif. 
Crystal Springs 
San Andres 1 
San Andres 2 

Toledo, Ohio 
Collins Park 

Washington, D.C. 
Dalecarlia 
McMillan 


0.1 


0.05 
0.05 
0.05 


0.0+ 


0.25 
0.25 


In Fig. 1 and 2, 18 cities are ranged 
according to annual fluoridation cost 
per million gallons and annual fluori- 
dation cost per capita, respectively. It 
will be observed that Charlotte has the 
highest cost per million gallons and 
is second only to Cleveland in annual 
cost per capita. The respective unit 


costs in Charlotte are $2.87 per million 
gallons and 11.2 cents per capita per 


year. The average 1956 cost of water 
fluoridation in the 18 cities was $1.23 
per million gallons or 7.9 cents per 
capita. In terms of cost per million 
gallons, San Francisco and Providence 
are median cities, with $1.32 and $1.16, 
respectively. Pittsburgh and Toledo 
are median cities with respect to an- 
nual per capita cost, with 7.7 cents and 
6.7 cents, respectively. 

Eight of the cities studied—Chicago, 
Philadelphia, Cleveland, Baltimore, 
San Francisco, Washington, Milwau- 
kee, and St. Louis—serve more than 
800,000 people. The average cost per 
million gallons of these eight is $1.22, 
which is within a cent of the aver- 
age of 18 cities. The per capita aver- 
age among the 8 cities is 8.4 cents, 
which is half a cent per capita higher 
than the average of 18 cities. Four 
of the 8 cities—Chicago, Philadelphia, 


Avg F- 
Content in 
Treated 
Water 
ppm 


Avg F- 
Dosage 
ppm 


Chemical 


H2SiF 6 0.9 1.0 
Na2SiF s 
NaSiF 
Na2SiF 5 


0.85 
0.76 
0.72 
Na2SiF ¢ 0.93 
Na2SiF 
Na2SiF 


0.98 
1.09 


Baltimore, and St. Louis—use hydro- 
fluosilicic acid as a source of fluoride 
ion. Four use sodium silicofluoride. 
Data of the average unit costs of each 
of these groups and data for all 18 
cities show that there are apparent ad- 
vantages in using hydrofluosilicic acid. 
Acid application costs 8.0 cents per 
capita per year, as compared with 9.2 
cents per capita per year for sodium 
silicofluoride (a 15 per cent increase in 
cost). A more accurate comparison 
is observed in the production cost of 
fluoridated water, which is $1.10 per 
million gallons for those cities using 
acid and $1.51 for those using sodium 
silicofluoride, or a 37.3 per cent in- 
crease when sodium silicofluoride is 
used. Thus, the annual costs for cities 
using the acid have markedly lowered 
the average costs of all 18 cities. The 
significant difference is in the costs of 
the chemicals. Sodium silicofluoride 
as a source of fluoride ion is 46.6 per 
cent more costly per million gallons of 
water treated than the acid. 

The range of production costs 
among 18 cities is $0.30-$2.87 per mil- 
lion gallons; the range of per capita 
cost is 1.8-12.6 cents per capita per 
year. Among 8 cities with more than 
800,000 people, the corresponding 
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TABLE 7 
Fluoridation Chemicals and Equipment* 


| , . z| 
Amount] no of No. of | Point of 


City hemical sed Stations ar Type of Feeder Fluoride Application 


Baltimore, Md. H2SiFs 1,450.5 2 liquid acid filtered water before lime addition 
Buffalo, N.Y. NasSiF ¢ 1 gravimetric dry 
Charlotte, N.C. | NaF 63.0 | 1 gravimetric dry | filter effluent 
Chicago, Il. H2SiF s 1,418.1 d 6 liquid acid | conduit ahead of pump station, 
| rapid-mix chamber 
3 gravimetric dry | filter influent conduit, filter 
effluent 
| gravimetric dry | filter effluent 
| gravimetric dry | filtered water 
gravimetric dry | filtered water 
gravimetric dry | before filtration (after 
recarbonation) 
gravimetric dry | filtered water 
gravimetric dry | filtered water 
| liquid acid filtered water 
gravimetric dry | influent to sedimentation basins 
gravimetric dry | filtered water 
gravimetric dry | filtered water, head of trans 
| mission conduit 
St. Louis, Mo. H2SiF « 676.5 2 liquid acid filtered water 
St. Paul, Minn. H2SiF « liquid acid before filtration (after carbona 
tion) 
San Francisco, Calif. NaSiF gravimetric dry | conduit transmission lines 
Toledo, Ohio NaF . gravimetric dry | filtered water 
Washington, D.C. Na2SiF ¢ : gravimetric dry | filtered water, before 
coagulation 


w 


Cleveland, Ohio | NaoSiFs 710.0 


Denver, Colo. NaaSiF ¢ 59.0 
Indianapolis, Ind. Na2SiF ¢ 134.1 
Louisville, Ky. | NaoSiFs | 204.0 
Miami, Fla. Na2SiF¢ 98.6 


N= hm 


Milwaukee, Wis. Na2SiF ¢ 281.0 
Norfolk, Va. NaF 112.5 
Philadelphia, Pa. | HSiFs 520.3 
Pittsburgh, Pa. Na2SiF + 242 

Providence, R.I. | NasSiFs 102.4 
Rochester, N.Y. NasSiF « 95.2 


NK Khe 


* 1956 data for all cities listed, except for Charlotte, Cleveland, St. Louis, and San Francisco, for which the 
data pertain to 1956-57 


rABLE 8 
Quantity of Fluoride-Bearing Chemical Used 


Amount for Annual or Fiscal Year—ions 
Chemical - 
1950 | 1951 1952 1953 1954 1955 1956 

Baltimore, Md. H.SiF ¢ 1,420 | 1,436! 1,327 | 1,450 
Buffalo, N.Y. NasSik s 
Charlotte, N.C. NaF . 52 59 

NaSiFs ) 7| 
Chicago, III. H2SiF 
Cleveland, Ohio Na2SiF 5 
Denver, Colo. Na2SiF 5 
Indianapolis, Ind NaF 

NaeSiF : ;} 115 102 
Louisville, Ky Na2SiFs 146 | 146 
Miami, Fla. Na2SiF ¢ 72 68 | 
Milwaukee, Wis. Na,SiF 142*) 288} 
Norfolk, Va. NaF 47 | 44 | 
Philadelphia, Pa. H2SiF ¢ | 160] 
Pittsburgh, Pa. Na.SiF 175 | 247] 
Providence, R.I. | NaSiF | 94 
Rochester, N.Y. NaSiF 
St. Louis, Mo. H.SiF ¢ 
St. Paul, Minn. NaF 

NasSiF s 86 94 
San Francisco, Calif NaSiFs 91} 80 
Toledo, Ohio NaF 
Washington, D.C. Na2Sik ¢ 513 | 480 


* Datum for part of the year 
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ranges are $0.71-$1.85 per million gal- 
lons and 5.2-12.6 cents per capita per 
year. 


Fluoride Ion Residuals 


Because of the diversity of operating 
conditions and the wide variations in 
flow distance and period of flow, it 
is possible in only a few instances to 
relate the fluoride ion residual in the 
distribution system to the actual dosage 
that would be expected to provide that 
residual at the time of sampling (Table 
6). With respect to the residuals 
found in the 20 city systems, it is help- 
ful to realize that detention times be- 
fore fluoride enters the system range 
from 0 to 146 hr. The time of mixing 
is not always determinate, as_ the 
chemical is mixed in various ways, 
depending on the plant flow plan. 
Among 22 treatment plants where an 
estimate of mixing time had been made, 
the range was from less than 1 min 
to 120 min (Table 10). 


Employee Health 


Indianapolis and Washington have 
conducted exhaustive medical studies 
of personnel handling fluorides. These 
studies show that there is no exposure 
effect that cannot be guarded against 
with accepted industrial hygiene prac- 
tices. Workmen wear protective cloth- 
ing while handling the chemicals, and 
ventilation systems are provided at 
places where chemicals are stored and 
transferred. 


Chemical-Handling Problems 


Treatment plant personnel in all 
cities agree that the problems of han- 
dling fluorides are generally not dif- 
ferent from those encountered in the 
handling of other water. treatment 
chemicals. The usual problems en- 
countered include: 
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1. Clogging, arching, and blocking 
of dry feeders, if the chemical salt is 
too powdered 

2. Balling and 
chemical is damp 

3. Overrunning the proportioning 
mechanism, if the material is too free 
flowing 

4. Incrustation of chemical solution 
pipes, if the solution is near 
saturation 


blocking, if the 


feed 





Charlotte, N.C 

Saint Paul, Minn 
Norfolk, Va 
Washington, D.C 
Cleveland, Ohio 
Louisville, Ky. 
Philadelphia, Pa. 
Pittsburgh, Pa 

San Francisco, Calif. 
Providence, R.1. 





Baltimore, Md 
Chicago, Il. 
Toledo, Ohio 
Indianapolis, Ind. 
Milwaukee, Wis. 
Miami, Fla 

St. Louis, Mo. 
Denver, Colo. 





Average 











0.5 10 15 3.0 
Cost—$/mil gal 


Fig. 1. Annual Fluoridation Costs per 


Million Gallons 


and Providence are the 
with $1.32 and $1.16, 
respectively. 


Francisco 
cities, 


San 
median 


5. Closure of opening in diffusion 
tubes or dispersion tubes by incrus- 
tation. 

No unusual corrosion problems have 
occurred that may be called peculiar 
to the handling of fluoride chemicals. 
Corrosion-resistant materials, such as 
stainless steel and plastic, are used for 
safety in the handling of fluoride 
solutions. 
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Observations and Recommendations 


As a result of these investigations, 
it is recommended: that the following 
be considered by engineers concerned 
with water fluoridation : 

1. Chemicals that meet present speci- 
fications for fluoridation have variable 
flow characteristics. Further study of 


the physical qualities of dry chemical 
may yield a specification for a material 
that will have uniform flow character- 
istics regardless of where it may be 


produced. 

2. Analytical methods now used for 
the study of fluoride entrapped in in- 
crustation and coatings are variable 
and give variable results. Further in- 
vestigation of laboratory methods of 
recovering fluoride ion from solids is 
warranted. 

3. Data indicate a removal of flu- 
oride ion from water passing through 
sand filters. Controlled research stud- 
ies on the mechanism of removal may 
provide information useful to all plants 
where it seems more practical to add 
the chemical before filtration. It 
would desirable, however, to 
avoid the practice of prefiltration flu- 
oridation wherever possible. 

4. In cities where the 
sistence of fluoride ion residual 
studied, results indicate that stability 
of residual is to be expected. It is 
desirable that either the city water de- 
partment or health department estab- 
lish a method of sampling that will 
provide a profile of system fluoride ion 
residuals related to the operations of 
the system. Field studies to establish 
accurate information on distance and 
period of flow to selected sampling sta- 
tions would help insure the accuracy 
of dosage control under all conditions 
of system operation. Such practice 
should eliminate any doubts with re- 


seem 


those per- 


was 
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spect to feedback of fluoride ion into 
the waters of a system. 

5. Results of analyses of the Denver 
water system strongly support the indi- 
cation that naturally occurring fluoride 
and artificially added fluoride both per- 
sist in a system in similar ways. Com- 
parable analyses should be made in 
other cities with both natural and arti- 
ficially added fluoride ion in water, to 
aid in establishing the similarities more 
completely. 





Cleveland, Ohio 
Charlotte, N.C 
Washington, D.C 
Norfolk, Va. 
Saint Paul, Minn 
Chicago, III 
Philadelphia, Pa 
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Baltimore, Md. 
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Average 





6 8 
Cost—¢/cap 


Annual Fluoridation Costs 
per Capita 


Fig. 2. 


median 
cents, 


Toledo are the 
with 7.7 cents and 6,7 
respectively 


Pittsburgh and 


cities, 


6. There some indication that 
incrustation was less of a problem 
when the fluoride salt was mixed with 
water and placed in weak solution 
rather than in a solution approaching 
saturation. Laboratory investigations 
may be helpful in establishing an opti- 
mum or an upper limit of solution con- 
centration that would reduce or elimi- 
nate the deposition of calcium fluoride 
on walls of solution feed pipes and 
diffusion units. Until more complete 


was 
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data are established, it is suggested 
that solution concentrations of sodium 
fluoride or sodium silicofluoride be 
held to a maximum of 0.25 per cent 
in new feeder equipment. 

The following comments relative to 
water fluoridation practices in the 
United States are believed to be justi- 
fied generally and have been substanti- 
ated specifically in the cities studied: 

1. All engineering problems that 
occur in the handling of fluorides can 
be adequately solved after due consid- 
eration of the feasibility and cost of 
structures, cost and capacity of equip- 
ment, cost and availability of chemicals, 
ability of water works personnel to 
control chemical dosage, safety of em- 
ployees, persistence of residual fluoride 
ion in a system, and laboratory control 
methods. 

2. The mixing of a fluoride chemical 
with water in volume is accomplished 
with the same degree of operator su- 
pervision and by essentially the same 
methods as required in the application 
of other chemicals in solution, such as 
alum and chlorine. 

3. Chemical composition of water to 
which fluoride-bearing chemical 
added is not apparently an important 
factor to be considered when placing 
fluoride into solution. Waters having 
a calcium content are more likely to 
produce a coating of calcium fluoride 
on solution feed lines, but laboratory 
supervision and operation and mainte- 
nance of the chemical application sys- 
tem are adequate to control dosage. In 
practice, the exact concentration of the 
chemical solution is of less importance 
than the routine checks of the total 
weight of the chemical used. In no 
instance do long periods of overdosage 
occur. The maximum plant effluent 
fluoride content found in this study 


is 
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FABLE 10 


A pplication of Fluoride Chemicals 


Avg 
Deten- 
tion 
Time* 
min 


Avg 
Mixing 
Time 
min 


City & Plant Chemical 


Baltimore, Md 
Montebello 
Ashburton 

Buffalo, N.Y 
Colonel Ward 

Charlotte, N.¢ 
Vest Sta. 

Chicago, Ill 
South District 
Central Zone 
North Zone 

Cleveland, Ohio 
Nottingham 
Baldwin 
Division 

Denver, Colo 
Moffat 

Indianapolis, 
Fall Creek 
White River 

Louisville, Ky 
Louisville Treat 

ment Plant 

Miami, Fla 
Hialeah 
4. Orr Jr 

Milwaukee, Wi 
Milwaukee Treat 

ment Plant 

Norfolk, Va 
Moores Bridges 
37th St. Filter 

Plant 

Philadelphia, Pa 

Queen Lane 


HSiF¢ 
HaSiFs 


210 
4,320 


NaaSiF 


NaF, Na2SiF¢ 0.10 14 
H2SiF ¢ 
H2SiF 
H2SiF « 


47 510 
ot 


OT 


NaeSiF s 
NaaSiF « 
Na2SiF ¢ 


240+ 
440 
240 + 
NaoSiF « 540 
Ind 

NaF, NaSiF« 
NaF, NaoSiF*« 


420 
60 


Na2SiF« 360 


NaSiF« 
NaSiF« 


36 
250 
NaoSiF 
NaF 
NaF 
H2SiF 
H2SiF « 


H2SiF « 
H Sik « 


Torresdale 

Upper Roxborough 
Lower Roxborough 
Belmont 


Pittsburgh, Pa 
Aspinwall 

Providence, R.I 
Providence Treat 

ment Plant 

Rochester, N.Y. 
Hemlock 
wake 

St. Louis, Mo 
Chain of Rocks 
Howard Bend 

St. Paul, Minn 
St. Paul Treat 

ment Plant 

San Francisco, Calif. 
Crystal Springs 
San Andres 1 
San Andres 2 

Toledo, Ohio 
Collins Park 

Washington, D.C 
Dalecarlia 
McMillan 


1,080 
4,320 


* Before entering system 
¢ Fluoride added to central 
distribution system 


pump station serving 
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(2.07 ppm) was reported in just one 
city, and for merely a portion of a 
day. 

4. Neither the length of line, period 
of flow, age of pipe, nor materials to 
which water is exposed affect signifi- 
cantly the average fluoride ion content 
in distribution systems. Special stud- 
ies of fluoride ion residual along routes 
of flow have shown only those vari- 
ations that might be anticipated as the 
result of accepted practices and those 
within the reasonable limits of error 
of sample collection and analysis. In 
no instance is any pipeline corrosion 
traceable to the fluoride content 
reported. 

5. This study shows no evidence 
of feedback of concentrations of flu- 
oride ion from such postulated sources 
as pipe coatings, tuberculation, treat- 
ment sludges, and storage-reservoir 
sediments. On the contrary, the study 
shows that to achieve undesirable 
fluoride ion concentrations from such 
additions would require suspensions of 
the coating, sludge, or rust in quanti- 
ties so great as to render the water 
nonpotable and unfit for use. In one 
example of hydrant flushings with 
water clearly unacceptable for normal 
use, the maximum fluoride ion content 
of the supernatant liquor was 1.32 ppm 
below the maximum suggested by 
USPHS. 

6. The annual cost of fluoridation in 
cities with more than 300,000 people 
may be expected to be between $0.71 
and $2.52 per million gallons of water 
served. The average cost in 18 cities 
was $1.23 per million gallons. In 
cities with more than 800,000 people, 
the annual costs may be between $0.71 
and $1.85 per million gallons. The 
average cost for 8 such cities was $1.22 
per million gallons. The use of hydro- 
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fluosilicic acid in 4 cities with more 
than 800,000 people seemed to be most 
economical, the average annual cost 
being $1.10 per million gallons, com- 
pared with $1.22 per million gallons 
in 4 cities using sodium silicofluoride. 
In 18 cities, the average annual cost 
per capita for fluoridated water at opti- 
mal dosages established by the health 
authorities was 7.9 cents per capita. 
The average annual cost per capita in 
8 cities with more than 800,000 people 
was 8.4 cents per capita. 

7. There is no evidence that the 
handling of fluoride-bearing chemicals 
presents an employee health hazard 
that cannot be controlled. The normal 
measures dictated by accepted indus- 
trial hygiene practices are adequate to 
keep fluorides at safe levels in work- 
room air. 

8. There is no evidence to indicate 
that any of the employees handling 
fluoride-bearing chemicals have been 
affected physiologically by their as- 
signment. 

9. There is evidence to indicate a 
loss of fluoride from filtration. Both 
naturally present and artificially added 
fluorides appear to be reduced in minor 
amounts. Two cities offer evidence of 
a reduction amounting to approxi- 
mately 0.3 ppm in water passing 
through slow sand filters. The loss 
through rapid sand filters appears to 
be on the order of 0.2 ppm. There 
is no indication that fluoride accumu- 
lated on filter sands reenters the 
system. 
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Effect of Fluoride on Corrosion of Iron, Copper, and Lead 


In the June 1959 issue of Sanitalk, a publication of the Massachusetts Depart- 
ment of Public Health, an article by Joseph A. McCarthy reports the results of 
an investigation of the effects of fluoride on the corrosivity of North Andover, 
Mass., water. The water is a soft surface water, known to be corrosive. For 
several years before fluoride was applied, alkaline treatment had been used at 
the pumping station. The pH of water leaving the station has averaged 8.4 
during the past 2 years. 

By the time the water reaches the point of collection, approximately 5 mi from 
the pumping station, the pH changes considerably; it was 6.7 on the days of 
collection of the water used in the experiments. Equal portions of this water 
were drawn from a tap and placed in six 1-gal containers. To three of the 
containers was added enough fluoride to give a fluorine concentration of 1 ppm. 
Identical coupons of iron were suspended in a pair of containers with and without 
fluoride. The same was done for copper and lead. No attempt was made to 
produce flowing conditions, although each container was thoroughly agitated at 
least once a day. 

The results of the analyses, shown in the table below, definitely indicate that 
the rates of solution of all three metals were nearly identical in water with and 
without fluoride and that the added fluoride had no effect on the corrosion of 
the metals. 


Solution of Iron, Copper, and Lead in Water With and Without Fluoride* 


Metal Concentration—ppm 
Contact 


Time 
days 


Iron Copper 


Without With Without With Without | With 
Fluoride Fluoride Fluoride Fluoride Fluoride | Fluoride 


0.30 y 0.40 
0.55 0.55 . 6.2 
0.80 0.80 a4 7.0 


1.8 


1.8 0.30 
‘ 4.0 4.7 

12 12 11 

30 83 80 1.1 1.2 . 8.8 
46 110 105 1.6 1S f 9.0 


* Fluoride added equivalent to 1 ppm fluorine; analysis of water before addition of coupons was: iron, 0.28 ppm; 
copper, 0.10 ppm; lead, 0.00 ppm; pH, 6.7 
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OURTS and legislatures are con- 

stantly reshaping the principles 
governing water utility operation. 
When they take action, water utility 
policies should be reexamined. For 
instance, although there was not an un- 
usual number of suits charging negli- 
gence from water operations during 
1958, two cases from Missouri and an- 
other from Washington apply a rule 
that make it harder for a utility to de- 
fend against tort actions. 


Liability Cases 


One of Kansas City’s mains cracked 
open, releasing water which damaged 
goods in the basement of a hat store. 
The jury’s verdict (1) in favor of the 
city was reversed. The court granted 
a new trial and held that city liability 
for negligence could be based on res 
ipsa loquitur. Affirming the granting 
of a new trial, the Court of Appeals 
said : 

We agree that under the rule . . . the 
plaintiff’s proof that its property was 
damaged by a break in a water main 
constructed and controlled by the city was 
sufficient to establish prima facie that the 
injury was due to negligence of the city. 


Motion for new trial was granted 
in Koch Brothers v. Kansas City (2) 
after the jury found the city not liable 
for leakage of water from a city hy- 
drant which damaged goods in a store 
basement. Affirming the order of a 
new trial, the appeal court held the city 
operated its water system in a propri- 
etary as well as a governmental capac- 
ity. “This is a res ipsa loquitur case, 
and the plaintiff made a prima facie 
case of general negligence,” the court 
said. It was shown that an employee 
failed to close a hydrant completely. 

In Kind et al. v. Seattle (3), judg- 
ment was entered in favor of the plain- 
tiffs for damage to their property re- 
sulting from flooding after a city water 
main burst. No negligence or fault on 
the part of the city was proved. The 
State Supreme Court of Washington 
observed : 


The city ... has shown it was free 
of negligence in the operations examined, 
but it had not yet discovered the cause 
of the break, nor had it shown that it 
was free of negligence in regard to that 
cause ... there is an inference, permis- 
sible from the occurrence itself, that it was 
caused by the defendant’s want of care. 
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. Legal control or responsibility for 
the proper and efficient functioning of 
the instrumentality which caused the in- 
jury and a superior, if not exclusive, posi- 
tion for knowing or obtaining knowledge 
of the facts which caused the injury pro- 
vide a sufficient basis for application of 
the doctrine [res ipsa loquitur]. 


In Dougherty v. Sioux City, the 
owner of a building damaged by leak- 
age from a defective joint in one of 
Sioux City’s water mains, obtained a 
judgment based on the negligence of 
city employees. It was affirmed by the 
Iowa Supreme Court, with four jus- 
tices dissenting. The court held that 
a municipality operating its water sys- 
tem in a proprietary capacity is liable 
for injury caused to the property of 
a plaintiff by the negligence of munici- 
pal employees, under the doctrine of 
respondeat superior. 

Although the evidence showed that 
the joint was defectively made, it ap- 


peared that the city’s employees had 
observed water leaking through the 
pavement for several months and had 
been informed of seepage into the base- 


ment of the building. The trial court 
found the duration of the leak was such 
that the defendant was negligent in 
failing to eliminate it. 

When the City of McAlester built a 
high, 1-mil gal water tower, the owners 
of an adjacent lot sued for damages 
(4). They alleged a constant threat 
of danger from collapse of the water 
tower, and that it was unsightly and 
destroyed the sales value of their home. 

The Supreme Court struck down the 
complaint. Damages may not be re- 
covered for wind whistling through the 
tower, cracks in the ground, rain de- 
flected from the tower into their yard, 
mud, and prospects of damage from 
lightning, the court held. Mere inci- 
dental inconveniences of an unsightly 
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structure not erected out of spite is 
not compensable, even though it may 
depreciate property values. 

A farmer sued the Texas cities of 
Mission, McAllen, and Edinburg after 
heavy rains had flooded his crops (5). 
The court held he failed to make out 
a prima facie case against the cities. 
They had leased large acreage to the 
United States for a military base. The 
water reached the farm lands through 
a drainage canal built by the federal 
government across the cities’ property. 
The court, however, found that the al- 
leged nuisance was created by the 
United States, not the cities. 

The action failed to prove the proper 
measure of damages and was barred by 
the 2-year statute of limitations. 

In Sargent v. Town of Alton (6) a 
cottage owner sued for damage alleg- 
edly caused when an employee of the 
town opened a shutoff valve and al- 
lowed water to run through the line 
into the cottage. The faucet in the 
cottage had been left open for the win- 
ter because the pipe was located above 
the frost line. On appeal from the 
granting of the city’s motion for non- 
suit, the Supreme Court ordered a new 
trial, because the trial court erred in 
excluding the water commissioner’s ad- 
mission that the employee must have 
turned the valve on instead of off. 

In Lower Nueces River Water Sup- 
ply District v. Live Oak County (7), 
the appeal court dissolved a temporary 
injunction to restrain the water district 
from closing openings on a dam and 
inundating a county road and bridge 
over which the district was establishing 
its reservoir. 

The county lost on theory of a duty 
on the district to quit work or build 
a high level causeway costing $750,000. 
Texas law gives the district authority 
to construct the dam and reservoir and 
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the county knew for more than 2 years 
its road and bridge would have to be 
changed to avoid inundating them, the 
court held. 

When a homeowner sued for dam- 
ages of a fire allegedly caused by a 
welding machine used to thaw frozen 
pipes, the town was held not liable for 
negligence (8). Affirming the trial 
court’s directed verdict for the munici- 
pality, the Supreme Judicial Court 
found that the operator of the thawing 
device was an independent contractor. 
There was no evidence that any of the 
city employees did any work negli- 
gently or that the work was so ultra- 
hazardous as to imply municipal re- 
sponsibility for the independent con- 
tractor’s work. 

An irrigation district is a govern- 
mental agency in California and may 
not be sued in the absence of specific 
legislative authorization. On this prin- 
ciple, the San Joaquin County Supe- 
rior Court sustained a demurrer filed 
by the Westside Irrigation District in 
a case involving damage claims and 
punitive damages by former employees 
(9). The court held that the 
state’s labor code does not apply to 
government agencies. 

The complaint alleged that the men 
were wrongfully dismissed from their 
jobs after joining the union and that 
the district refused to rehire them un- 
less they quit it. They claimed lost 
wages and punitive damages. 

The district denied that union mem- 
bership had been the cause of dismis- 
sal, but claimed that it had the author- 
ity to dismiss employees for such a 
reason. Judge Homer B. Quinn 
agreed, saying: 


also 


It should be observed that the legisla- 
ture has not delineated any areas of pub- 
lic employment to which the Labor Code 
sections should apply .. . it would not 
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appear appropriate for a trial court to 
attempt to carve out any such areas. 
This would appear to be a legislative 
matter. 


Land Acquisition Cases 


One of the major roles of a munici- 
pal lawyer is to advise proper legal and 
business practices in land acquisitions 
for water supply. He may assist offi- 
cials in avoiding future complications 
and expense by evaluating the types 
of land available, by establishing a rea- 
sonable land acquisition policy, and 
handling proceedings in eminent 
domain. 

Of unprecedented importance today 
is the acquisition of property for im- 
pounding reservoirs. An example of 
the magnitude that the clearing of a 
reservoir site can assume, the Quabbin 
Reservoir of Boston’s water supply af- 
fected fourteen towns, and four ceased 
to exist as political subdivisions. 
There were also 34 cemeteries located 
within the watershed. All bodies were 
removed to other cemeteries located 
beyond the watershed. It is particu- 
larly difficult to acquire land occupied 
by a cemetery because of the land 
ownership problem (10). 

Although land is usually purchased 
by negotiation with the landowner, it 
may be necessary to condemn the land 
required if the asking price is too high, 
or when the owners refuse to sell. A 
city may offer some very good bargain- 
ing power if a farmer, balking at sell- 
ing some of his bottom land, could be 
offered the opportunity to use it as 
grazing land for the majority of the 
time under a flowage easement. Natu- 
rally, each piece of land would require 
separate consideration, and the 
would depend on the quality of the 
appraisal and land acquisition staff in- 
volved in a project. It has been found 
to be most desirable to leave land ac- 


cost 
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quisition policies as flexible as possible, 
because Texas laws require that con- 
demnation proceedings for property be 
tried in a local court. The land ac- 
quisition which cannot be settled ami- 
cably wiil be both time consuming and 
expensive (11). 

It may be advisable to acquire one 
or all of the following three kinds of 
property : 

1. The reservoir, or flooded area, 
including the necessary lands to con- 
struct the dam and other appurtenances 

2. The marginal strip immediately 
around the periphery of the maximum 
flooded area at normal and maximum 
high water level 

3. The drainage area, or watershed, 
either wholly or in part about the 
reservoir. 

In preparing the reservoir area, it is 
sometimes necessary to provide for the 
relocation of bridges, highways, rail- 
roads, pipelines, and other facilities. 
For the Green Lane Reservoir on the 
Perkiomen Creek, just completed by 
the Philadelphia Suburban Water 
Company, it was necessary to relocate 
and raise a county highway. The cost 
of approximately $500,000 included 
construction of a new reinforced- 
concrete bridge to replace the last re- 
maining covered bridge in Montgomery 
County, Pa. 

The factors that affect the acquisi- 
tion of these marginal strips differ 
from reservoir to reservoir. For some 
reservoirs, the preservation of the qual- 
ity of the supply is the governing fac- 
tor; in others, it is the control of silt- 
ing from adjacent property; whereas 
in others it may be to the 
reservoir. 

To avoid liability for property dam- 
age, the water utility should own all 
property that might be inundated by 
high water, and should take into ac- 
count all major recorded floods as well 
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as all property that might be damaged 
or eroded by wave action. Flood 
rights should be acquired when feasible. 

As a rule of thumb, as much mar- 
ginal land as possible should be owned 
or controlled by the water utility, ex- 
tending to an entire watershed area if 
possible. 

This is the policy of many Pennsyl- 
vania communities. The borough of 
Sellersville owns 7 sq mi, the Hanover 
Municipal Water Works, 5.7 sq mi, and 
the Altoona City Authority, 4.4 sq mi. 

The Metropolitan District Water 
Supply Commission of Boston ac- 
quired 126 sq mi surrounding Quabbin 
Reservoir. 

The Miami Conservancy District of 
Dayton, Ohio, for flood control reser- 
voirs, purchases the entire area where 
affected when the reservoirs are filled. 

Pollution caused by increased use 
of watersheds for commercial, indus- 
trial, and agricultural purposes may 
make necessary the purchase of entire 
drainage areas to protect the water 
supply. The Municipal Authority of 
the Borough of Minersville, Pa., 
floated a special bond issue to pur- 
chase an entire watershed for protec- 
tion from coal mining operations (10). 

Seattle has obtained much of the 
Cedar River watershed to protect its 
Tolt water source (72). Some states 
regard the marginal strip of such im- 
portance that the legislature has en- 
tered the picture. Definite laws cover 
the subject in Arkansas and Missouri. 
But the municipal lawyer will advise 
compliance with practices strongly rec- 
ommended in states without definite 
laws, such as Alabama, Connecticut, 
Iowa, Indiana, Kentucky, Massachu- 
setts, Montana, New York, North 
Carolina, Texas, and Washington. 

In general, municipal clients should 
be advised to acquire enough land for 
the reservoir water area, dam, and 
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other appurtenant structures, for con- 
trol of access to safeguard water qual- 
ity and permit operation and mainte- 
nance by utility employees, and to pro- 
tect the utility from legal liability for 
property damage resulting from major 
floods or wave action that might in- 
undate or erode adjacent property 


(10). 


Eminent-Domain Actions 


The federal government’s first suit 
condemning farmland for the Putah 
South Canal in California resulted in 
a $55,750 award to the landowner. 
Added to $14,600 for 9.52 acres was 
a substantial severance damage of 
$41,150. The federal government’s 
Putah South Canal, which will deliver 
water from Monticello Dam to farm- 
lands in the Solano Irrigation District, 
would literally cut the owner’s ranch 
in half (13). 

Officials of the Santa Clara Valley 
Water Conservation District are ap- 
pealing the court award of $8,755 in 
damages as a result of high water 
(14). The damaged building was lo- 
cated about 1 mi below the district’s 
Almaden Reservoir. The district con- 
tended that it is not legally responsible 
once its reservoirs are full. The jury 
found the district should have main- 
tained a lower water level. If upheld, 
the decision could mean that all water 
conservation reservoirs in the state 
must be used for flood control 
purposes. 

An irrigation district widened one of 
its canals 20-30 ft to furnish water to 
additional land within its boundaries. 
As a result, it took nearly 2 acres more 
of land. The owner sued, despite a 
provision in his deed from the district 
allowing it to repair and replace the 
canal. The court held that the deed 
reservation did not give the district the 
right to take part of the owner’s land 
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many years later without compensa- 
tion, and awarded $1,140 in damages. 
The court indicated that the deed al- 
lowed the district to construct other 
canals but not to widen an existing 
one (15). 

The Greenwich (Conn.) Water Co. 
took certain riparian rights to fulfill its 
franchise to furnish water to towns 
both in Connecticut and New York. 
Connecticut property owners chal- 
lenged the company’s charter power to 
condemn for this purpose. Because 
the riparian owners failed to bear the 
burden of proving bad faith and be- 
cause the trial judge found that the 
taking served a public use, the Su- 
preme Court held it to be a proper 
exercise of eminent domain (16). 

In Ohio, the water company supply- 
ing Marion dropped plans to dam the 
Little Scioto River and store water for 
the city’s domestic needs. The County 
Board of Commissioners has no au- 
thority to authorize the dam and bind 
all the riparian owners in the Attorney 
General’s opinion. Without express 
statutory power, the company “is a 
public utility and must acquire private 
property needed by it for its service 
to the public, including rights of ri- 
parian owners, in the manner provided 
by law.” 


Trends in Financing 


Huge capital outlays will be needed 
for water systems in the years imme- 
diately ahead. Expansion is inevitable 
as the result of increasing population 
and the growing per capita use of 
water in the United States. The water 
industry must make itself as attractive 
as possible to both institutional and 
individual investors and be prepared 
to offer yields and protective provi- 
sions that will be competitive with 
those offered by alternative invest- 
ments. Other issuers of securities will 
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be bidding just as strongly for capital 
funds. The sale of securities to insti- 
tutional investors requires title searches 
and legal advice at every stage. 

The water industry is in a favorable 
position for investment. It is the 
largest transportation industry in the 
country; it supplies a product which 
is indispensable; competition is virtu- 
ally nonexistent; it influences the lo- 
cation of factories, and 
homes; most of its assets have a very 
long service life with obsolescence 
playing a very minor role; and its 
‘arnings are relatively stable. 

The principal problems confronting 
policy makers and their legal counsel 
are how to provide for future expand- 
ing water needs, earn a fair rate of 
return, adapt financing plans to the 
radically changed state of the capital 
market, and sell the water industry’s 
program to the public (17). 


businesses, 


State Progress 


An amendment to the Louisiana con- 
stitution will enable the state to pay 
for much-needed irrigation works. 
Prior to the amendment, there was no 
market for bonds because the owner 
of land within the district could not 
be taxed unless he actually used water. 
This undesirable feature was elimi- 
nated by extending the taxes levied by 
irrigation districts to all lands within 
the district whether or not any of the 
available water was used on the land. 
As a result, the legislature’s authority 
to police juries throughout the state to 
create irrigation districts now means 
something. The district may not in- 
clude incorporated towns and cities. 
All land that is incapable of receiving 
any benefit from the operation of the 
proposed district must be excluded 
from the district at the time it is cre- 
ated. All land included in the district 
is subject to taxation (18). 
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For financing the development of 
water supplies by long-range plans, 
carried out in stages, New Jersey au- 
thorized bonds in the aggregate prin- 
cipal amount of $45,850,000. 

Water project construction requires 
large amounts of capital. For this rea- 
son, it is frequently beyond the finan- 
cial capacity of local interests to de- 
velop new water supplies. The cost 
of facilities to transport water over 
long distances to the heavily developed 
agricultural and urban areas is prohibi- 
tive. Relatively undeveloped areas 
lack the valuation or other 
tax resources to obtain the water es- 
sential to their growth. 

They must look to major units of 
government, principally several large 
states and the federal government. 
These public agencies are capable of 
constructing the large, expensive water 
projects of the type needed in many 
instances to meet growing water re- 
quirements. Even when 
struction is not desired, state financial 
assistance to local projects is sought. 
Solving all the legal, engineering, and 
other aspects of water problems is only 
half the job. No program can be ac- 
complished without a sure means of 
raising the large amount of capital re- 
quired for construction projects. Thus, 
the financial condition of the state be- 
comes one of paramount importance in 
the policies for a state water resources 
development program. 

California, with its vast expanse of 
semiarid lands that will one day bloom 
when water arrives, is evaluating its 
ability to finance the great projects 
ahead. The state’s revenues are far 
from adequate to finance the present 
programs of the state, not to mention 
further requirements for water project 
construction. 

Spurred into action by Governor 
Edmund G. Brown, the California leg- 


assessed 


state con- 
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islature has submitted a $1.75 billion 
bond issue for a vote of the people in 
the 1960 general election. These funds 
will launch a water resources develop- 
ment program unprecedented in world 
history. 

The approximately $140,000,000 
presently in the investment fund will 
be sufficient to finance the state’s water 
project construction program for the 
first 2 years. But an average of 
$120,000,000 per year is required to 
finance the state’s presently authorized 
construction program for the next 10 
years. An additional $350,000,000 is 
needed by 1959-60 to finance the 
state’s expenditure program, including 
water projects, if no new programs 
are added. 

According to a California legislative 
subcommittee: [1] New taxes in addi- 
tion to those required to meet existing 
general fund requirements and the sale 
of general-obligation bonds in excess of 
the present schedule are the only sig- 
nificant sources of construction funds ; 
[2] great care in the authorization and 
timing of bond issues for water re- 
source development, or for other pur- 


poses, will be required to preserve the 
state’s credit position and avoid exces- 
sive interest costs; and [3] the state 
cannot continue, over an extended pe- 
riod of time, to issue bonds at the pres- 
ent rate of $310,000,000 per year with- 
out running into difficulties. 


“The voters of the state and the 
legislature may have to decide between 
general obligation bond issues for wa- 
ter projects, veterans’ loans, school aid, 
state building program, and other pur- 
poses,” Assemblyman Jack A. Beaver 
of Redlands declared. 

“Use of tidelands oil revenues as 
available, General Fund money as 
available, the balance in the Invest- 
ment Fund, and general obligation 
bonds in predetermined proportions, 
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now appear to be the only feasible 
method of financing the state’s water 
development program.” 


Fire Protection 


Inadequacies in municipal water 
supply affect every citizen’s pocket- 
book as well as his security against 
fire. Without water to fight fires, fire 
insurance rates may be trebled. A 
spot check of one large city indica‘ed 
the combined insurance bill of its in- 
habitants would rise $432,000 if the hy- 
drants were removed (19). 

In planning to meet future water 
needs, fire protection may be as impor- 
tant as surveys of water demands for 
residential and industrial growth. For 
instance, in residential sections, a fire 
flow of 500 gpm is a more important 
factor than several residential custom- 
ers’ simultaneous demands for do- 
mestic use. Consequently, fire flow is 
used as a basis for sizing lines. 

Increased fire insurance rates are a 
strong argument against haphazard an- 
nexations of suburban areas. The an- 
nexed areas must have adequate dis- 
tribution of hydrants, valves, and 
properly sized mains. If the area is 
to be fully protected, deferred fire 
insurance classifications to the newly 
annexed area will increase the de- 
ficiency against the city’s total rating. 


Fluoridation 


All was quiet on the fluoridation 
front until the courtroom doors swung 
open for two major midwestern cities. 
Questions were raised as to the power 
of Chicago and Omaha to order fluori- 
dation of their public water supplies. 

There is now pending, in the Supe- 
rior Court of Cook County, a “Com- 
plaint for Injunction and Other Re- 
lief,” in which five plaintiffs are asking 
the court to issue a writ of injunction 
permanently enjoining the mayor of 
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Chicago, the comptroller, the commis- 
sioner of water and sewers, and the 
deputy commissioner for water from 
further applying fluoride to the water 
supply. Fluoridation had been au- 
thorized by city council order and has 
been applied to Chicago water since 
1956. 

An action for declaratory judgment 
by the city-county health authority in 
Omaha asks the courts to authorize the 
Omaha Metropolitan Utilities District 
to fluoridate the public water supply. 
The district’s general counsel advised 
that it has no such police power as a 
proprietary municipal corporation. 

A line of decisions in seven states 
accepts fluoridation as a reasonable 
measure to prevent tooth decay and 
places the practice within the police 
power of both general-law and charter 
cities. Although the legality of fluori- 


dation is settled, it will probably linger 
as a policy matter to plague legislative 


bodies for years to come. 

Ordinances intended to promote 
public health by providing for fluori- 
dation have been upheld, despite con- 
tentions that they infringe upon indi- 
vidual liberty and religious freedom, 
subject people to compulsory medica- 
tion, and take away parents’ control 
over their children’s health, and that 
dental care is a private health problem, 
not a proper object of government 
concern. The courts also reject argu- 
ments that flouridation is discrimina- 
tory or constitutes the illegal practice 
of medicine. 


Service Outside City 


The urgent call of the suburb for 
municipal water service has been an- 
swered differently from state to state. 
With no uniform system of laws or 
consistent approach by the courts, mu- 
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nicipal counsel may advise local legis- 
lators to handle extensions of water 
service on a master-plan basis, as part 
of the city’s annexation program. Any 
city granting outside service on any 
other basis surrenders its bargaining 
position. When it does so, it often 
finds the suburban area, although eco- 
nomically dependent upon the central 
city, fighting against annexation, while 
it continues to use the services pro- 
vided by the city. 

There is a way, however, by which 
the city may protect itself in this sit- 
uation with reference to water service. 
This is to include in all water line 
extension contracts and all water serv- 
ice contracts a provision under which, 
as part of the consideration for the 
the property owner or de- 
veloper waives his right to oppose 
subsequent annexation by the owning 
city. This exact policy is contained 
in a 1955 Indiana statute pertaining 
to the extension of sewers in suburban 
areas, and there is no reason why the 
governing board of a water utility, un- 
der its rule-making power, cannot in- 
voke the same condition for water 
extensions. 

Two attorney general’s opinions, one 
from Ohio and the other from Mis- 
souri, raise interesting questions con- 
cerning outside water connections. The 
attorney general of Ohio was asked 
whether the constitution forbade a city 
to sell and deliver water to an indus- 
trial firm straddling the city limits. 
The industry used the water on its 
property both inside and outside the 
city. The attorney general found that 
the firm was an inhabitant of the city, 
and, as the water was taken by an in- 
habitant at a point inside the city, there 
violation of the constitution. 
The constitution imposes a limitation 


service, 


was no 
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on water service only to noninhabitants 
outside municipal limits. 

An aggrieved property owner’s de- 
mand that the Missouri Public Service 
Commission compel a county water 
supply district to extend service to his 
property was rejected by an attorney 
general’s opinion. As a nonprofit gov- 


ernment subdivision, the district is not 
a utility subject to the commission’s 
jurisdiction, the opinion held. 


Municipal Obligation 


Five appellate decisions on the sub- 
ject indicate no duty on the part of the 
municipality to grant a connection out- 
side its corporate limits. Once it has 
granted water service, however, a mu- 
nicipal government may find it is 
legally barred from charging the non- 
resident at higher rates designed to 
make him pay his fair share. The 
lack of uniform laws makes it impos- 
sible to establish a general rule from 
the cases. 

In State v. City of Defiance (20), 
an QOhio statute directing municipal 
corporations to furnish water to non- 
inhabitants, against the city’s will, and 
limiting the price charged, was held 
unconstitutional. The act was con- 
trary to the Ohio Constitution, which, 
according to the court, empowers a 
municipality to sell and deliver a sub- 
stantial portion of its surplus product 
to others than its inhabitants. An 
applicant for service had instituted a 
mandamus action to compel Defiance 
to issue a permit to tap into a water 
line. 

A developer planned a_ shopping 
center of 26 stores, nine to be within 
the Lorain, Ohio, city limits and seven- 
teen ou'side. Reversing the trial court’s 
ruling requiring the service to occu 
pants of the out-of-town stores, the 
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appeal court said the constitution does 
not require the city to serve the in- 
terest of nontaxpaying noninhabitants 
(21). 

In City of Livingston v. Wilson 
(22), the trial court ordered the Texas 
city to supply water to customers out- 
side the city limits. Reversing this 
judgment, the Court of Civil Appeals 
said that the city was and is under no 
inherent duty to suppiy the water; 
state law confers the authority but im- 
poses no duty, according to the opin- 
ion. It also found a monthly rate for 
nonresidents 50 cents higher per month 
than the rate for residents is not un- 
justly discriminatory. 

Covington, Ky., brought action to set 
aside an order of the public service 
commission fixing rates for customers 
outside the corporate limits (23). The 
city’s contention that a federal PWA 
grant of $178,099 for water utility 
construction was unlawfully excluded 
from the rate base was upheld. But 
the schedule of rates set by the com- 
mission was approved by the court. 
It rejected the city’s contention that 
consumers outside the city must pay 
general obligation bonds of the city. 
It is entitled only to a fair return on 
its investment and “it is up to the peo- 
ple of the city, and not the consumers, 
to pay back the money,” according to 
the court of appeals. 

An action was filed to restrain the 
city of Asheville, N.C., from charging 
higher water rates for consumers liv- 
ing outside its boundaries. The court 
held (24) the ordinance invalid in- 
sofar as it established different rates 
for customers within water and sewer 
districts with systems maintained at 
their own expense. The court con- 
strued state legislation to mean the 
city cannot charge rates to water users 
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in those districts in excess of rates 


charged the residents of Asheville. 


Pollution 


Meeting municipal water needs re- 
quires more than finding a_ supple- 
mental supply. It requires a positive 
program to make existing supplies us- 
able, by curbing pollution. 

When 3,000 communities annually 
dump 2,500,000 tons of raw sewage 
into the nation’s streams, spoiling much- 
needed water resources and creating a 
health menace, it is hard to claim prog- 
ress. Progress however, being 
made, in the sense that municipal gov- 
ernment is holding its own after years 
of losing ground. Cost is no longer an 
excuse for spewing sewage downstream 
for the next fellow to handle as best 
he can; owing to the success of simple 
methods requiring little manpower, 
there was definite improvement in the 
nation’s pollution habits in 1958. 

When all else fails, strict enforce- 
ment is the key to the washing of pol- 
luted streams and many communities 
rallied to the support of antipollution 
measures. For instance, after the Con- 
necticut Water Commission issued an 
order directing the City of Norwich 
immediately to abate pollution of the 
Yantic River, the people responded 
with a $1,600,000 bond issue for a 
new disposal plant (25). West Vir- 
ginia’s joint committee on government 
and finance and the commission on 
interstate cooperation have under con- 
sideration a bill which would prohibit 
the disposal of any kind of waste mate- 
rial in or within 100 yd of any river, 
creek, or stream or within 100 yards 
of the Yantic River (18). 

In a novel approach to pollution 
control, the Virginia legislature pro- 
vides a tax deduction for plants or 
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equipment installed to prevent or re- 
duce pollution, provided that the in- 
stallation complies with the law (18). 
Georgia passed the Georgia Water 
Quality Control Act, which is a com- 
prehensive pollution law. The board 
of health is authorized to require the 
use of reasonable methods which are 
scientifically and economically feasible 
to halt contamination of state waters. 
On the board is a representative of 
municipal government. 

Although it has no general pollution 
law, Florida now requires a permit 
from the board of health to drill or 
use a well for the purpose of drainage 
of surface water or sewerage if the well 
is located within 5 mi of a city or town. 
Such wells already in use may be dis- 
continued on board order. In _ this 
way, Florida is coping with past prac- 
tice of drilling drainage wells into the 
porous limestone aquifers for the dis- 
posal of storm water, which resulted 
in serious pollution when urban centers 
and _ industries drainage 
wells (18). 

The basic pollution law of Delaware 
is now supervised by the water pollu- 
tion commission and administered by 
the State Board of Health. The law 
covers underground waters as well as 
surface waters. An unusual aspect of 
the Delaware law is its provision for 
arbitration. 
to appeal to the courts, he may submit 
the matter to three reputable sanitary 
engineers, including one of his own 
choice, one appointed by the commis- 
sion, and the third by the two engineers 
selected. The decision the arbi- 
trators is final (78). In Illinois, state 
regulation has forced many communi- 
ties to take action to improve their 
waste disposal practices. More than 
77.6 per cent of the population is 


developed 


If a person prefers not 


of 
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served by sewer systems, and 95 per 
cent of the municipal wastes reach 
treatment plants (26). 

Trying for a water of better quality, 
South Dakota cities are moving realis- 
tically to obtain better treatment sys- 
tems. Sioux Falls constructed a $1,- 
100,000 plant for iron and manganese 
removal in 1955; Brookings recently 
let contracts totaling $174,400 for a 
similar facility ; and Madison is voting 
on a bond issue of $395,000 for com- 
parable treatment. Many of the 
smaller cities have pressure filter iron 
removal units. In the past 4 years, 
South Dakota has made the following 
improvements: seven new water sup- 
ply systems; three new systems au- 
thorized or under construction ; 66 new 
water supply sources in 52 communi- 
ties ; seventeen major remodeling proj- 
ects; eight improved storage facilities ; 
and four new fluoridation installations 
(27). 

To assure high-quality water, the 
municipal authority of the borough of 
Minersville, located in the anthracite 
coal region of Pennsylvania, found it 
necessary to float a special bond issue 
to finance the purchase of its water- 
shed in order to protect the supply 
against coal-mining operations (28). 


An effective weapon against pollu- 
tion of streams which cross state boun- 
daries is control by interstate com- 


pacts. The compact entered into by 
Illinois, Indiana, Kentucky, New York, 
Ohio, Pennsylvania, Virginia and 
West Virginia is designed to reduce 
contamination of the Ohio River. 
Since the creation of the compact, sew- 
age treatment plants have been built 
to serve 75 per cent of the sewered 
population in the Ohio Valley. This 
involves 7,500,000 people and more 
than 800 communities (78). 
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Treatment works construction has 
accelerated to a new high with the 
introduction of the sewage lagoon. 
This device is essentially a shallow 
flat-bottomed pond. Sewage is intro- 
duced at the bottom near the center, 
and the growth of algae is the main 
purifying force. The oxygen released 
by the algae eliminates odor, and the 
pond itself has the appearance of a 
well maintained lake. Hundreds of 
lagoons are now in use throughout the 
Southwest and North Central states. 
Mississippi acted first in the Southeast 
with a lagoon in Prentiss, and, after 
that, Bay Springs, Houston, Wiggins, 
Raymond, and Brandon. These small 
towns set an example for larger sister 
communities, because the cost of lagoon 
construction is 30-60 per cent of that 
conventional treatment 
Low maintenance costs are an- 


of a 
plant. 
other advantage. 

Generally, estimates of pollution 
make little or no allowance for indus- 
trial wastes, although many cities have 
large amounts of industrial discharge 
entering their sewers. The list of 
towns and cities with new sewage treat- 
ment facilities, or in the process of 
constructing them, is growing. Fed- 
eral grants amounting to 30 per cent 
of the cost, up to a maximum of $250,- 
000, has spurred unprecedented anti- 
pollution activity. 


sewage 


Federal Intervention 


In addition to giving assistance in 
making surveys and conducting re- 
search, the National Water Pollution 
Control Act authorizes the Surgeon 
General to take action when he finds 
that any pollution has become a public 
nuisance. 

Louisiana was the first state to re 
quest intervention by the federal gov 
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ernment concerning pollution of the 
Corney Creek drainage system. Testi- 
mony showed operators of oil well 
leases were discharging substantial 
quantities of acid salt brine, oil spill- 
age, and other substances into the sys- 
tem. Fish, plant, and animal life were 
being destroyed. The waters were 
also unfit for watering stock, irrigation, 
municipal use, and most industrial 
uses. The board gave the offenders 
90 days to start collecting the polluting 
substances and injecting them into 
underground formations (18). 
Seaboard states are confronted with 
the special problem of salt water in- 
trusion. On California’s coastal plain, 
excessive draft has resulted in the 
intrusion of sea water into under- 
ground fresh-water deposits, thus im- 
pairing valuable sources of water sup- 
ply. In many parts of the Central 
Valley, continuing ground water over- 
draft threatens the quality of fresh- 


water deposits by upward movement 
of deep brines which were entrapped 
in underground basins in past geologic 


ages (28). The intrusion of salt wa- 
ter under the continental shelf toward 
Atlantic City, N.J., continues, and 
static water levels are now 61 ft below 
sea level. Excessive pumping adjacent 
to San Francisco Bay threatens to 
bring salt water into the aquifer (29). 

Continual vigilance is necessary. 
Unless the high quality of the water 
is maintained, full satisfaction of the 
ultimate water requirements of mu- 
nicipalities will not be possible. There 
are still water utilities that are not 
properly protected to insure the safety 
of the water when exposed to a source 
of virulent infection. Recently, one 
district engineer found a city had in- 
terrupted its schedule of submitting 
bacteriological water samples. Further 
investigation showed the community’s 
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well had failed—a well drilled without 
the advice of a consultant and contrary 
to the recommendations of both the 
state geological and health agencies— 
and the community was pumping un- 
treated lake water into the city distri- 
bution system (27). 

Pollution has been recognized as a 
major threat to municipalities, indus- 
try, agriculture, and recreation only 
during the past 25 years. Its effect 
on the aesthetic beauty of every state 
is incalculable. Problems arise when 
the quantity of waste deposited is so 
great that the water cannot purify it- 
self. Pollution to this extent adversely 
affects the people of the cities and 
towns located at or below the polluted 
waters, and nearby agricultural lands 
may be impaired and fish and other 
aquatic life and wild and domestic ani- 
mals may suffer or be destroyed. A 
city’s economy may be upset by the 
slightest change in water quality. 
Quality in large degree determines the 
extent to which water supplies can be 
put to beneficial use. Water of poor 
quality cannot be used for most pur- 
poses until it has been treated. But 
treatment, seldom practical for agricul- 
tural use, adds materially to the cost of 
water for municipal or industrial use. 

The quality of water must be pro- 
tected to the fullest practicable extent, 
to insure maximum opportunities for 
development and beneficial use. Pol- 
lution must be closely watched by state 
agencies, as well as by private parties, 
and any activity which causes sub- 
stantial damage to riparian owners is 
likely to be condemned as unreasonable 
and hence actionable. 


Inadequacy of Penal Statutes 


Penal statutes do not insure satis- 
factory pollution control. When pol- 
lution comes from numerous sources, 
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it is difficult to fix criminal responsi- 
bility under the penal statutes. There 
is a vital need for prompt action when 
pollution approaches the danger point. 
Perhaps the most serious limitation 
inherent in any scheme of statutory 
control is its inability to cope with the 
variable nature of pollution. As has 
been observed, it cannot be determined 
whether the quality of water is objec- 
tionable without reference to the uses 
being made of that water. The neces- 
sary flexibility of control is possible 
only through administrative regulation. 

There are encouraging signs of great 
progress. Badly polluted, once-dying 
rivers are being restored to new life. 
In Oregon the Willamette River is 
being cleaned up and there is hope 
the salmon may soon be running by 
the millions again. The grimy Ohio 
River, in the nation’s heartland, is get- 
ting a head-to-toe scrubbing. Relieved 
of more than a 100 mgd of waste, New 


Jersey’s Raritan River is running clean 
again for the first time in half a 
century. 

Because water is industry’s most 
used raw material, many firms have 


joined the fight. The chemical indus- 
try alone is spending $40,000,000 each 
year on the control of wastes from its 
Pulp and 
paper manufacturers have invested 
nearly $100,000,000 on treatment sys- 
tems in the last decade; the pollution 
per ton of paper has already been cut 
to half of what it was 10 years ago. 
The task of flushing the waterways 
is a gigantic one: The USPHS esti- 
mates that about 16,000 municipal and 
industrial treatment works, costing 
roughly $9 billion to construct, are still 
needed. But dollars invested in lessen- 
ing pollution must inevitably bring tre- 
mendous benefits. “The damage done 
by pollution is costing industries and 
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the American people at least $1 billion 
a year—maybe a couple of times more 
than that,” says Gordon McCallum, 
chief of the Water Supply and Wa- 
ter Pollution Control Program of 
USPHS. 

The new federal water pollution con- 
trol act (Public Law 660) reaffirms 
the prime responsibility of the states 
in combating pollution, and strength- 
ens state pollution control agencies 
through financial aid, research, and 
technical assistance. It gives USPHS 
enforcement powers to alleviate abuse 
of interstate streams. To assist com- 
munities in getting out of the pollution 
mess it offers as much as $50,000,000 
a year for a minimum of 10 years. 
Of the 400 construction grants made 
to date, federal aid has paid an average 
of only 20 per cent of the cost. This 
relatively small involvement of federal 
money has stimulated tremendous 
spending by communities. 

Spurred to action by the sight of 
once majestic rivers transformed into 
carriers of filth, municipal government 
has responded constructively to water 
supply needs. The dual challenge of 
assuring water quantity and water 
quality is being met vigorously and 
intelligently at last. 


Resources Inventory 


The major problem in municipal 
water rights law is the lack of basic 
meteorological, hydrological, and topo- 
graphical data. Numerous agencies, 
both state and federal, within the limits 
of their budgets, develop and publish 
such data. In some instances, there 
may be an overabundance of data avail- 
able, whereas in many others there is 
none at all. Unquestionably, a closer 
coordination of these activities will 
eliminate waste of time, effort, and 
money. 
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Accurate answers to water supply 
questions are sought by the water- 
resources-planner—whether an indus- 
try, city, or individual. Location 
engineers for large industry want de- 
pendable data on short notice, not 
vague statements about the availability, 
quality, and temperature of the under- 
ground water supply. 

The phenomenal increase in the use 
of ground water for agricultural, in- 
dustrial, and public use requires a con- 
tinuing inventory of ground water re- 
sources in every region in the United 
States. 

The USGS stands ready to cooper- 
ate in gathering and evaluating ground 
and surface water data. Many state 
agencies can also do the job, but a 
program to take stock of water condi- 
tions is needed to keep pace with de- 
mands for information. 

A recently appointed Department of 
Agriculture committee has been charged 
with the responsibility of reporting on 
the need for an expanded research pro- 
gram on and water problems 
throughout the United States. Ap- 
pointed at the request of the Senate 
Committee on Agricultural Appropria- 
tions, it will hold a series of public 
hearings to register the opinions of 
representatives from federal, state, and 
local action agencies concerned with 
soil and water resources (30). 

In Mississippi, much information has 
been collected on ground water during 
the cooperative state-federal program. 
To find the facts on local supply, the 
city of Jackson is working with the 
Mississippi Board of Water Commis- 
sioners to evaluate the availability of 
ground water for industrial, municipal, 
and other uses within the area. 

The University of California is es 
tablishing a new statewide water re 
sources center for the purpose of pro- 
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viding a headquarters for its far-flung, 
advanced research activities. The cen- 
ter will serve as a clearing house for 
the information and technical data nec- 
essary to deal with the fast-growing 
state’s water problems (31). 

The 1958 New Jersey legislature 
directed the Department of Conserva- 
tion and Economic Development to 
carry out a 10-year program of detailed 
geological and hydrological studies and 
ground water investigations to deter- 
mine resources, quality, and supply 
potentials. 

Texas’ new water resources plan- 
ning division is authorized to enter 
into contracts and agreements with 
muncipalities to carry out a joint pro- 
gram of topographic and geologic map- 
ping of the watersheds and make stud- 
ies of probable additional beneficial use 
(18). 

Equally important are facilities to 
supply water during the most severe 
drought that can reasonably 
pected. This requires the necessary 
reservoir volume and a large enough 
drainage area to fill it and maintain an 
adequate supply. Again, the need for 
more hydrologic data should be em- 
phasized, particularly runoff data for 
small watersheds. Such data, if avail- 
able, would lead to 
quantitative recommendations for fu- 
ture reservoirs (32). 


be ex- 


more concrete 


Conclusion 


In broad terms, the municipal water 
lawyer envisages his job as a twofold 
one. He must help protect existing 
water rights and urge policies and pro- 
grams to develop additional water in 
the future for agricultural, industrial, 
municipal, and recreational purposes. 

Unfortunately, many municipalities 
fail to adopt a sensible water policy 


until there is a scarcity. Shortages 
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occur from a lack of sufficient rainfall, 
from using up the available supply, 
or from polluting the available supply 
to such an extent that it cannot be used. 

It is necessary to analyze the types 
of water laws and policies presently in 
use, find their defects and eliminate 
them. The purpose of a water policy 
is to regulate the appropriation, use, 
and disposition of water. This is nec- 
essary because water is seldom present 
in the proper amount and in the proper 
condition at the right place and at the 
right time. 

Without an adequate water supply 
in the proper condition for use, our 
towns and cities, or any heavily popu- 
lated area, cannot exist. Industry de- 
pends upon water for most of its manu- 
facturing processes and as a means of 
inexpensive transportation. Agricul- 
ture is dependent upon an adequate 
water supply and has recently turned 
to irrigation in many areas. Water is 
also necessary for the fish and fur 
industries and for many types of 
recreation. In addition, watercourses 
furnish the means of disposing of most 
of the waste and sewage. 

Many communities have been com- 
pelled by drought conditions to face 
their problems squarely. Some are 
still not officially concerned about the 
long-range crisis in water. Perhaps 
they are not aware of it. 

The municipal attorney should urge 
local governments to evaluate their wa- 
ter supply needs and insist upon solu- 
tions before it is too late to avoid 
trouble. 

Although droughts have focused at- 
tention on seasonal shortages and com- 
petition for supply, many suspect the 
fundamental problem lies deeper. The 
needs for water in all fields have ex 
panded tremendously in recent years; 
and this expansion will continue, But 
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the first inquiry is whether existing 
water law provides the maximum op- 
portunity for beneficial development, 


use, and conservation of water re- 


sources and the full protection of pri- 
vate rights and the public interest. 
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Revision of Soda Ash Standard (AWWA B201) 


On Jan. 26, 1959, the AWWA Board of Directors approved the following 
revisions to AWWA B201-53—Standard for Soda Ash: 
Section 10A—Density is changed to read: 


The apparent density of light soda ash shall range between 0.5 and 0.6 
g/ml or between 31.21 and 37.45 lb/cuft. (Dense granular soda ash has an 
apparent density between 0.94 and 1.05 g/ml.) 


The title of Sec. 3C is changed to “Apparent Density,” and this phrase is 
substituted for the words “specific gravity” in the equation in Sec. 3C.2. The 
following note is appended to this section : 

Note: Apparent density can also be determined by carefully filling (with- 
out packing) and weighing a box or measure with a value of exactly 1 cu ft. 

The weight of the filled measure, in pounds, minus the weight of the measure 


equals the apparent density of the material, in pounds per cubic foot. 


The revised standard will be designated “AWWA B201-59.” 








Electronic Billing in St. Louis 





Conway B. Briscoe 





A contribution tc the Journal by Conway B. Briscoe, Water Comr., 


St. Louis, Mo. 


ITH electronic data processing, 
more water bills can be prepared 

in 1 hr than were formerly prepared 
in a full day, a speed of operation that 
will save St. Louis, Mo., more than 
$32,000 annually in water division 
clerical costs alone. As an offshoot of 
this streamlined bill processing, the 
city will save more than $14,000 a 
year as a result of reduced mailing 
costs. In addition to the increased 
speed and considerable cut in the costs 
of operation, the bills are more accu- 
rate and functional than ever before. 
A total of 143,000 customers are 
billed twice annually. Of these, 
16,000 are metered accounts. The re- 


Key-Punch Operation 


Pig. 1. 


Working from the meter readers’ cards 
(left), the key-punch operator enters the 
current meter reading on the billing 
cards, which already carry the previous 
meter reading and other information. 


maining 127,000 are flat-rate users, 
grouped into six geographical! districts 
and cycle billed to even out processing 
and mailing. 


Past Methods 


In the past, metal address plates 
were used to prepare water bills. For 
flat-rate accounts, the billing informa- 
tion was all on the plates. For me- 
tered accounts, however, ledger cards, 
rate charts, and posting machines were 
needed. After the two-part paper bills 
were produced, two copies had to be 
stuffed into a window envelope, run 
through a postage machine, and mailed 
to the customer, who returned both 
copies to the collector with payment. 
The collector returned one receipted 
copy to the customer after payment; 
this copy was the permit required by 
law. With these methods, the output 
was limited to about 2,000 bills a day. 


Present Methods 


At present, the city’s punched- 
card equipment * processes 20,000 
flat-rate bills of an entire district in 
23 days. The punched-card electronic 
computer f calculates charges for the 
metered accounts in about one-eighth 
the time formerly required by a clerical 
staff. Although the new system has 


* The machines mentioned in this article 
are products of Remington Rand, Division 
of Sperry Rand Corp., New York, N.Y. 

+ Univac, Model 120. 


1127 





CONWAY B. BRISCOE Jour. AWWA 


Fig. 2. Punched-Card Electronic Computer 


A test is made of the billing program on the control panel of the computer (left). 

Billing cards are then fed into the machine for processing. In one pass, the computer 

determines the consumption; multiplies it by the rate to get the net amount; deter- 

mines the tax; adds the two; verifies its figures; and punches the total. On the right, 
an operator removes the completed cards. 


been in operation for less than a year, 
it can safely be said that, at a bare 
minimum, the equivalent of the salaries 
of nine billing machine operators or 
similar personnel will be saved. 

As part of this system revision, the 
ordinance requiring the mailing of 
water bill permits has been repealed. 
Bills are now prepared on thermoseal 
coated-paper stock,* processed to post- 
card size, and mailed for 3 cents—a 
saving of 5 cents per customer per 
semiannual billing at today’s rates. 


Metered-Account Billing 


Metered accounts include all prem- 

ises supplied by a unit larger than a 

single, }-in. corporation tap, as well as 

those accounts using water for com- 

Fig. 3. Reproducer merce and manufacturing. To bill 
them, meter readers are supplied with 


This machine transfers the current meter f 
punched cards that include the account 


reading to the previous-reading field of 
a new deck of cards, thus producing the * Treated paper that can be sealed by 
billing cards for the next period. heat. 
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number, address, and meter number. 
As the meter readers make their 
rounds, they post the current reading 
and the date on these cards. There is 
also a code column for recording such 
information as the location of leaks and 
inoperative meters. 

These cards are given to the key- 
punch operators, who punch the infor- 
mation into the billing cards (Fig. 1). 
A billing card includes the account 
number, meter number, address, pre- 
vious meter reading, and code for the 
type of rate—general or school, for 
example. The billing cards are then 
put through the electronic computer 
(Fig. 2), which subtracts the previous 
meter reading from the current meter 
reading and punches consumption in 
hundreds of cubic feet; multiplies the 
rate by consumption; calculates the 
tax (unless exempt) ; adds these; and 
punches the totals. It computes and 
verifies all this work in 
the cards. 

Next, the billing cards 
through a reproducer (Fig. 


pass of 


one 


are run 
3), with 


Fig. 4. Collator 


Address cards are merged with the com 
pleted billing cards. 
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Fig. 5. Tabulator 


The combined deck is put through the 
tabulator to prepare the bills on thermo- 
seal card stock. 


the amount, consumption, and previous- 
reading fields locked out. The current 
reading is transferred to the previous- 
reading field of a new deck of cards 
to get the billing cards for the next 
period. 

The completed billing cards go 
through a tabulator, which produces 
an abstract of the meter bills. This 
serves as a permanent record for the 
collector’s office, where “paid” will be 
stamped beside the bill when payment 
is received. Address cards are then 
merged with the billing cards on the 
collator (Fig. 4), and the combined 
deck is put through a tabulator (Fig. 
5) to prepare the meter account bills 
on thermoseal paper stock. 

These bills then go through a seal- 
ing machine (Fig. 6), which folds the 
paper stock double ; seals the two thick- 
nesses into one; prints a cycle number 
on each bill; counts the bills; and cuts 
them to the size of a postcard. The 
folded, sealed paper stock is then of 
sufficient stiffness to be acceptable to 
the post office for mailing. 
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Fig. 6. 


B. BRISCOE 


Jour. AWWA 


Sealing Machine 


The thermoseal card stock enters at one end (left, in the photograph) and emerges 
folded, sealed, and cut to the size of, and made as stiff as, a postcard. 


Next, the address and billing cards 
are separated, and the billing cards 
filed as an accounts receivable record. 
When the postcard bill is received by 
the customer, he tears off the stub and, 
in accordance with the instructions on 
it, mails the stub and payment to the 
collector’s office. 

Daily, the water department receives 
a list of paid water bills from the col- 
lector. The corresponding billing 
cards are taken out and, every week, 
processed through the tabulator to 
record the net amount, sales tax, and 
total. From this, the water department 
issues a credit memo to the collector 
for the amount of the sales tax. This 
amount is not on the stub he receives 
with the payment. 


Flat-Rate Billing 


Flat-rate billing is, of course, even 


simpler. Rates are based on factors 


such as frontage, number of rooms, and 
toilets, which do not change very often. 
These accounts are billed in advance 
on a deck of master cards, each of 
which includes the billing name, billing 
address, premises’ address, account 
number, water service, net amount, 
sales tax, and gross amount. The 90- 
column capacity of a punched card 
makes it possible to get all this infor- 
mation on one card for each account. 

To bill flat-rate users, the master 
deck is put through a reproducer to get 
a working deck complete with billing 
dates. This deck is tabulated twice, 
first to print the abstract, then to print 
the bills themselves on thermoseal 
stock, just as is done with the metered 
accounts. 


Savings 


The significant cut in clerical and 
mailing costs that has been realized 
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through use of this system, has not 
been offset by large outlays for equip- 
ment. The water division added only 
the sealing machines and two key 
punches to get the system in operation. 
The electronic computer and its asso- 
ciated equipment already were avail- 
able, being used by the city for a vari- 
ety of purposes. 


ELECTRONIC BILLING 
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Actually, costs are being cut and 
the efficiency of service increased just 
at a time when the city’s financial prob- 
lems make this particularly valuable. 
The use of punched cards for customer 
billing has been so successful that stud- 
ies are being made of other ways in 
which this equipment can be used in 
the department. 


Reprints Available 


Reprints of the following articles, published in the JourNAL during the preceding 
year, will be available from the Association in small quantities, at the prices noted, 
until the present stock is exhausted. Order by reprint number and author's name 
from: Order Dept., American Water Works Assn., Inc., 2 Park Avenue, New York 


16, N.Y. Prepayment required on orders under $2. 


(Note: This list does not 
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Progress in the Construction of Chicago's 
Central District Filtration Plant 





Fred G. Gordon and George S. Salter 





A paper presented on Mar. 12, 1959, at the Illinois Section Meeting, 
Chicago, Ill., by Fred G. Gordon, Asst. Chief Engr., and George S. 
Salter, Chief Filtration Design Engr., Bureau of Eng., Dept. of Public 


Works, Chicago, Iil. 


ONSTRUCTION of the Central 

District Filtration Plant is now 
far enough along that it is possible to 
illustrate some of the design features 
with photographs showing actual 
construction. 

The plant is being built within a 
6l-acre cofferdam on Chicago’s lake 
front north of Navy Pier. It will have 
a nominal capacity of 960 mgd based 
on a filter rating of 2 gpm/sq ft. The 
design, however, will permit opera- 
tion at a filter rate of 3.5 gpm/sq ft, 
or the equivalent of a plant capacity 
of 1,680 mgd. 


General Design 

The plant is being designed by the 
Filtration Design Division of the Bu- 
reau of Engineering in the Depart- 
ment of Public Works, but the plans 
are prepared in consultation with the 
Department of Water and Sewers, 
which will operate the plant when it 
has been completed. 

General descriptions of the proposed 
design have appeared from time to 
time in the technical press. These will 
be reviewed here only to the extent 
required to serve as a background for 
this discussion. 

The general design is conventional, 
including low-lift pumps, mixing and 


settling basins, sand filters, clear wells, 
and a filtered-water reservoir. One 
intake will be provided by a water tun- 
nel connection to the existing lake sec- 
tion of the tunnel from the Dever crib. 
The second intake will be from port 
gates at the front of the plant. Tunnel 
connections for filtered water are 
under construction between the plant 
site and the existing tunnel systems 
serving the pumping stations in the 
Central and North Districts. All tun- 
nels are in rock. 

The general dimensions and location 
of the plant were fixed by ordinance. 
The area is roughly rectangular with 
iis length somewhat more than twice 
its width. 

The desire to concentrate operating 
personnel and those facilities requiring 
the maximum attention within a mini- 
mum area near the center of the plant 
led to a design in which a central, 
north-and-south work strip is flanked 
on the east and west by groups of 
filters and settling basins. The filters 
are bisected by the long, east-and-west 
axis of the plant and the settling basins 
fill out the four corners of the plant 
rectangle. This arrangement per- 
mitted the location of the control room, 
the control laboratory, the chemical 
rooms, the water tanks, 


feeder wash 
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and the administrative offices near the 
plant’s major axes. North of the fa- 
cilities, in the central control area, are 
located the low-lift and wash water 
pump room, the power company’s sub- 
station, the boiler room, shops, and 
store rooms. The south end of the 
central area includes chemical unload- 
ing facilities for railroad, truck, or 
barge ; chemical storage areas; and, in 
the superstructure area, general offices, 
laboratories, and lecture rooms. 


Fig. 1. 


CHICAGO PLANT 
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tire length of the south wall and por- 
tions of the north wall and a short sec- 
tion at the south end of the east wall. 
The cellular portion consists of a series 
of interlocking sheet piles with dia- 
phragms. The cells are filled with 
crushed rock. This type of construc- 
tion was used along the south wall in 
order to maintain as wide a slip as 
possible between the cofferdam and the 
north side of Navy Pier. The west 
side of the cofferdam and most of the 


Cofferdam Construction, 1955 


Stone is being placed at the intersection of the north and west walls of the cofferdam. 


Cofferdam 


The first major contract in the proj- 
ect was for the construction of a coffer- 
dam, which was required to make the 
site available for the filtration plant 


substructures and for three tunnel 
shafts. 

Cellular and dyke construction were 
used for the cofferdam. A cellular 


cofferdam section was used for the en- 


north and east sides of the cofferdam 
are a clay dike protected on the lake 
side by large limestone blocks (Fig. 1). 

In order to provide a satisfactory 
foundation for the cofferdam, it was 
necessary to remove unstable material 
down to stiff clay (at an elevation of 
— 25 ft). It was also necessary to 
remove a large amount of unstable 
silty sand over much of the area within 





1134 F. G. GORDON 
the cofferdam east of the north-and- 
south centerline. Equipment used for 
this purpose included dipper dredges 
and bottom dump scows. One of the 
dredges, “The Mogul” (Fig. 2), was 
said to be the largest on the Great 
Lakes. 

Sand fill was used to replace the 
unstable excavated material and to 
bring the grade of the lake bottom up 
to an elevation of — 11 ft (the eleva- 
tion of the underside of most of the 
major substructures). The final op- 
eration in the construction of the cof- 


Fig. 2. 
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sisted of a series of borings over much 
of the area and a supersonic survey 
conducted as a joint project of the city 
and USGS. Use of the supersonic 
method was necessary because much 
of the tunnel work was to be done 
under the bed of Lake Michigan, which 
was otherwise inaccessible. 

The dewatering of the cofferdam 
made that area available for the con- 
struction of shaft connections to the 
raw-water tunnel and the two filtered- 
water tunnels. The 20-ft raw-water 
tunnel will connect the low-lift pump- 


‘The Mogul’ Dredge Excavating for East Wall of Cofferdam, 1952 


This dredge is said to be the largest on the Great Lakes. 


ferdam was dewatering (Fig. 3). In 
order to maintain the stability of the 
cofferdam, the daily drawdown during 
dewatering was limited to 6 in. 


Tunnels 


An extensive subsurface exploratory 
program indicated that the elevation to 
rock at the site of the plant and along 
the line of tunnels connected to the ex- 
isting tunnel systems of the North and 
Central Water Districts varied in 
depth from 60 ft to 135 ft below lake 


level. The exploratory program con- 


ing station intake basin with the pres- 
ent lake section of the Chicago Ave. 
tunnel. It will thus provide water 
from the Dever crib. The 16-ft 
filtered-water tunnels will connect the 
filtered-water reservoir with the tun- 
nels presently supplying Central and 
North District pumping stations. 

In addition to the three shafts just 
referred to, the tunnel contract in- 
cluded a shaft at Chicago Ave. and 
Lake Shore Drive, two shafts at Wil- 
son Ave. and a work shaft just south 
of Belmont Harbor. The two shafts 
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at Wilson Ave. are part of a bypass 
between the tunnel from the filtration 
plant and a short tunnel that will con- 
nect with the lake section of the Wil- 
son Ave. tunnel. There is a dry area 


in the channel that connects the two 
shafts. 

The work shaft at Belmont Harbor 
was rectangular in section and some 
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center of the tunnel face which served 
as a breakout area during shooting 
(Fig. 4). 

The combination of modern equip- 
ment and efficient operation was re- 
sponsible for new records in the mining 
of rock tunnels in this area. The best 
progress for a heading in a single 
month was 1,733 ft. 


In order to maintain the stability of the cofferdam, drawdown of the water level was 
not allowed to exceed 6 in. per day. 


226 ft deep. A dividing wall was 
constructed in this shaft, and provi- 
sions have been made for a connection 
with this shaft if and when a future 
tunnel is constructed along the line 
of Wellington Ave. 

Equipment of the most modern type 
was installed in this shaft and for min- 
ing operations. An innovation of rock 
tunnel construction in the Chicago area 
was the use of a 14-in. hole in the 


A collapsible steel form was used in 
lining the tunnels. The sequence of 
operations was construction of the 
curbs, concreting of the arch section, 
and, finally, concreting of the invert. 
Ready-mixed concrete was used. The 
tunnels are now completed. 


Reservoir 


The reservoir is a_ reinforced- 
concrete structure 960 ft in length with 
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Fig. 4. Drilling in Tunnel Heading 


The drill is shown boring a 14-in. re- 

lieving, or “burn” hole. This is the first 

time the method was used in the Chicago 
area for a rock tunnel, 


an average width of 480 ft. It has a 
water depth of 20 ft and a capacity of 
68 mil gal. Prior to its construction, 
a large number of test piles were 
driven and load tests were performed 
in accordance with the Chicago Build- 
ing Code, in order to determine the 
proper length of the piles. Most of 
the piles were 45-47 ft long although 
some longer piles were required in a 
few areas. 

The reservoir was designed with a 
monolithic, reinforced-concrete frame. 
Full account was taken of continuity 
conditions. No expansion joints were 
used in the structure, but more than 
the usual amount of __horizontal- 
temperature steel used in the 
walls. The west wall, being on a di- 
agonal, has a total length in excess of 
1,200 ft. 

Another design feature is perhaps of 
more interest. A relatively short tun- 
nel is required to connect the south 
half of the reservoir to the Central 
District tunnel system, whereas the 


was 
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tunnel connection from the north half 
of the reservoir to the North District 
tunnel system is nearly 5.3 mi long. 
It is desirable therefore to maintain a 
higher head in the longer tunnel than 
in the short tunnel if possible. This 
is accomplished by means of a series 
of openings in a wall that divides the 
reservoir into two unequal parts, con- 
trol gates at the inlet and outlet of 
the reservoir, and suitable control of 
the flow of filtered water from the 
filters and their connecting conduits 
to the reservoir. 

The tunnel that connects to the 
North District is served by the smaller 
section of the reservoir, whereas the 
tunnel connected to the Central Dis- 
trict is served by the larger portion 
of the reservoir. Also, the 48 filters 


in the north half of the plant connect 





Fig. 5. Northwest Corner of Gatehouse 


The gates permit individual or combined 
operation of the unequal sections of the 
reservoir 
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directly to the north half of the reser- 
voir, and the 48 filters in the south 
half of the plant connect directly to 
the south half of the reservoir. Inas- 
much as water use in the North Dis- 
trict is only slightly more than one 
half that of the Central District, and 
all filters will be operated at about the 
same rate, the excess filtered water 
going to the north half of the reservoir 
will flow through the series of open- 
ings in the dividing wall, and an essen- 
tially constant water elevation will be 
maintained in the north half of the 
reservoir. Any fluctuation in water 
levels will then take place in the por- 
tion of the reservoir serving the Cen- 
tral District, and a maximum hydrau- 
lic gradient will be maintained in the 
tunnel to the North District. The 
control works at the outlet shafts pro 
vide the necessary gates to permit the 
operation described above, or the res- 
ervoir may be operated as a single 
unit (Fig. 5). When required, one 
or both sections of the reservoir may 
be dewatered without interrupting 
flow to the two tunnels. 

The construction of the reservoir 
was completed in 1957, and it is now 
being used for storage of equipment 
for the plant. 


Filters 


Operating experience at the South 
District Filtration Plant was used ex- 
tensively in determining the size of 
the Central District Filtration Plant 
filter units. The South District filters 
each have a nominal capacity of 4 mgd. 
The wash water troughs span the 
width of the filter and connect to a 
side gullet into which connections are 
made for both the effluent and the in- 
fluent. The filters are equipped with 
fixed surface wash. Preliminary stud- 
ies on the Central District plant en- 
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visioned the use of filters of 8 mgd 
capacity, using the South District pat- 
tern but converting it into a double 
unit with a central gullet. This would 
have required 120 filters. The final 


plan is of essentially the same design, 


Fig. 6. Laying of Cast-Iron Laterals 


in Filter 


The specifications for the cast-iron under 
drain system permitted the use of slip-on 
joints. 


but the filter length has been increased 
to bring the nominal capacity of each 
filter unit to 10 mgd and reduce the 
number of filters to 96. One modifica 
tion of the South District pattern was 
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to place the drain at the back of the 
filters, taking the wash water collector 
out of the filter gallery and providing 
a separate wash water collector be- 
tween each group of six filters. 

Filters are arranged with operating 
galleries at right angles to the main 
east-and-west gallery. Each filter gal- 
lery thus serves a unit of six filters for 
control and washing purposes. 

The filter substructures include not 
only the 96 filter boxes but also eight 


Fig. 7. 
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specified. The low bid was on cast- 
iron laterals, and the contract was 
awarded to the low bidder. The 
underdrain system (Fig. 6) is there- 
fore of the same type as that used at 
the South District Filtration Plant. 


The specifications permitted the use 
of the recently developed slip-on joint. 


Settling Basins 


The contract for the settling basins 
was awarded in July 1958 at the con- 


The contract for these basins was the largest single contract ever awarded by Chicago. 


clear wells and two filtered-water chan- 
nels, which conduct the filtered water 
to the reservoir. The work on the 
filter substructures was almost com- 
plete by the end of 1958. 


Filter Equipment 


In the contract for furnishing and 
installing the underdrain system, wash 
water troughs, sand, and gravel, three 
alternative types of underdrains were 


tract price of $14,730,374 and is the 
largest single contract yet awarded, 
not only for the Filtration Plant, but 
for any Chicago project. The contract 
covers the construction of sixteen set- 
tling basins, four to each quadrant. 
Each basin is of the double-deck type, 
in which the water flows first through 
a mixing channel and then along the 
length of the upper deck, returning to 
the lower section, from where it passes 
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into settled water collectors and thence 
to the filters (Fig. 7). Sediment re- 
moval equipment will be provided in 
the upper section only with provision 
for continuous sediment removal dur- 
ing the time the scrapers are in opera- 
tion. The mixers in the mixing chan- 
nels are similar to those used at the 
South District Filtration Plant, in that 
paddles are attached to horizontal 
shafts and the flow is parallel to the 
shafts. 


Low-Lift Pumps 


The selection of the low-lift pumps 
posed some interesting problems. 
These included pumpage rates varying 
from 400 to 1,700 mgd, a limitation by 
the power company on starting input 
to motors, varying heads on suction 
and discharge, and the need to con- 
serve space. 

The maximum size of the pumping 
units was limited by the largest motor 


which could be used—1,500 hp. In 
addition to the larger units, smaller 
units were selected to provide a smooth 
transition from minimum to maximum 


pumpage. It was, of course, desirable 
to limit the number of the smaller size 
units to the minimum that could pro- 
duce, with various pump combinations, 
a capacity pattern with suitably uni- 
form increments. Consideration of 
these factors led to the selection of six 
large units and two small units. The 
design capacity of each of the large 
units is 260 mgd, and that of the two 
small units is 170 mgd. With these 
sizes and proper pump selection, in- 
creases or decreases in pumping rates 
can be made in steps of approximately 
85 mgd. With filter rates controlled 
by a fixed filtered-water reservoir level, 
variations in consumption and pump- 
age may be readily absorbed by vary- 
ing the elevation in the settling basins 
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and filters within a range of about 
18 in. 

Under the provisions of the contract 
the successful bidder was required to 
build models of each size of pump and 
test them for efficiency, capacity, re- 
verse runway speed, and freedom from 
cavitation before proceeding with the 
construction of the prototypes. The 


Fig. 8. Butterfly Valves in Storage 


These 42-in. butterfly valves are being 
stored temporarily in the reservoir. A 


contract for 313 such valves was let in 


1957. 


model tests were met successfully, and 
the pumps are now being delfvered to 
the plant. 


Butterfly Valves 


Butterfly valves will be used exten- 
sively in the plant. All filter valves 
and many valves on the backwash 
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and surface wash lines will be of the 
rubber-seated butterfly type. The de- 
cision to use valves of this type came 
only after long experimentation and 
considerable use at the South District 
Filtration Plant. 

A contract for 313 of these valves 
was let during 1957, and a good por- 
tion of these valves has already been 
delivered. The contract for wash 
water piping will include approxi- 
mately 240 valves of the same type 
(Fig. 8). 

Chemicals 

Chemicals will be received by rail- 
road, truck or barge at the unloading 
area at the south end of the central 
strip. From there they will be trans- 
ferred to storage tanks or and 
then moved as needed to supply tanks 
or bins located chemical 
feeder rooms near the center of the 
plant. 


bins 


above the 


With the exception of lime and acti- 
vated carbon, all chemicals now under 


‘consideration for use at the Central 
District plant will be received in a 
liquid form or will be immediately 
converted to that form on arrival at 
the plant. Activated carbon will be 
received in covered-hopper cars and 
will be made into a slurry in concrete 
tanks located below the track. 

Track facilities for unloading chemi- 
cals include one receiving track for 
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chlorine and two additional tracks for 
other chemicals. The three tracks are 
housed. The track for receiving chlo- 
rine shipments is adjacent to the 
evaporators, feeders, and _ chlorine 
storage area, all of which are isolated 
from the rest of the plant by partitions 
with provisions for adequate ventila- 
tion. The chlorine track is equipped 
with track scales. The track adjacent 
to the chlorine track will be used for 
receiving activated carbon and lime. 
The third track has unloading facilities 
for other chemicals. Tracks are paved 
and most of the chemicals to be re- 
ceived in the third track area will nor- 
mally come by truck. In addition to 
the three receiving tracks there is a 
runaround track to facilitate handling 
of freight cars. 

The use of chemicals in a liquid form 
has greatly simplified the storage and 
transportation problems. A _ notavie 
example is the receipt of activated car- 
bon in bulk, its conversion to a slurry, 
and its subsequent storage and appli- 
cation in that form. The possible vari- 


ation in the use of activated carbon 
has been well illustrated by operating 
experiences at the South District Fil- 
tration Plant, where as little as 1,600 
lb or as much as 80,000 Ib has been 
fed per day. In general, storage facili- 
ties have been provided for 90 days’ 


usage for the various chemicals. 








Development of Filtration Plants for 
Small Communities 





Joint Discussion 





A joint discussion presented on Sep. 10, 1958, at the Michigan Sec- 


tion Meeting, Grand Rapids, Mich. 


New Plant at Bridgman—Theodore C. Williams 


A paper presented by Theodore C. Williams, Williams & Works, 


Grand Rapids, Mich. 


RIDGMAN, Mich., lies approxi- 

mately 15 mi south of Benton 
Harbor-St. Joseph on the shore of 
Lake Michigan. The 1950 census 
showed a population of 977 and the 
estimated population in 1955 was 
1,100. 

The original water supply consisted 
of a series of 3- and 4-in. shallow tubu- 
lar wells on the beach. Water was 
pumped by suction through a header 
with a horizontal centrifugal pump. 
At that particular section of the shore 
at Lake Michigan there is about 12 ft 
of sand on top of clay. The sand near 
the well point system is very fine, 
which makes a fine screen necessary 
on the wells. Because the wells were 
pumped by suction lift, the screens 
tended to encrust rapidly. As the lake 
level changed, the points had to be 
moved close to the water’s edge—but 
not too close. In winter the ice on 
the lake stopped vertical percolation ; 
the result was that more of the water 
came from the direction of the shore. 
The ground water from the land side 
has a much greater hardness and iron 
content. During times of storm the 
equipment was subject to damage by 


flotsam, and during the winter by ice. 
Always there was a danger of pollu- 
tion because of the shallowness of the 
system. 


Search for New Supply 


The heavy maintenance cost and the 
unreliability of the system prompted 
city officials to consider other sources 
of supply, and in 1951 an engineering 
report was presented in which two 
courses of action were suggested: [1] 
construction of a lake intake and filter 
plant at an estimated cost of $400,000, 
or [2] exploration for ground water 
in areas inland from Lake Michigan. 
There was some evidence that a satis- 
factory ground water supply could be 
developed east of the city. Because 
of the lower potential cost of this plan, 
it was adopted. Test were 
drilled and pumping tests were run, 
but the best area that could be found 
would support only two wells with a 
combined capacity of less than 200 
gpm—hardly enough to warrant a de- 
velopment. After the testing program 
another report was submitted in which 
an infiltration gallery along the lake 
shore was considered in place of the 


wells 
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existing well point system. The cost 
of the infiltration gallery was estimated 
at $95,000. 

In 1953 the city acquired title to 
additional lake frontage, and in the 
spring of 1954 test wells were drilled 
along the frontage and in Lake Michi- 
gan. Tests indicated a coarser forma- 
tion about 150 ft out in the lake, ex- 
tending from the lake bottom to a 
depth of approximately 12 ft. Thus, 
the construction of a horizontal collec- 
tor, additional storage, and distribution 
improvements were recommended at 
an estimated cost of $160,000. These 
recommendations were accepted by the 
city commission and steps were taken 
to implement them. 


Area Authority 


At about this same time, however, 
a long-time dream of a regional water 
authority that would serve the area 
from Bridgman to the Indiana line, 20 
mi south of Bridgman, resur- 
rected by the Michigan Department of 
Health. The Bridgman project was 
suspended for several months pending 
a feasibility study of the proposed au- 
thority. This feasibility study was 
presented to the constituent munici- 
palities in December 1955. The cost 
to Bridgman of obtaining water from 
such an authority exceeded, by an ap- 
preciable sum, the cost of providing its 
own production facilities. On the basis 
of the proposed authority financing, 
Bridgman would be responsible for a 
$700,000 share of the capital cost of 
the authority, as compared to an ex- 
penditure of $260,000 for its own proj- 
ect. The annual wholesale charge to 
support the authority would have been 
about $0.90 per 1,000 gal 


was 


Decision to Proceed 


At the time of the 1954 report, the 
Michigan Department of Health had 


Cc. 
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some reservations as to the safety of 
this source, based on the shallowness of 
the aquifer available, and stated that, 
should the quality of the water pro- 
duced be unsatisfactory for treatment 
by chlorination alone, the city would 
be expected to provide the necessary 
additional treatment. Discussion with 
the city officials then centered about: 

1. The possibility of the water not 
requiring treatment other than chlo- 
rination 

2. The additional cost of construct- 
ing a treatment plant later rather than 
as a part of the project 

3. The adverse public reaction to a 
possible second project shortly after 
the first project was completed. 

Deliberations culminated in the sign- 
ing of an agreement for engineering 
services in July 1956 for the design 
of a collector intake, filtration plant, 
storage, and distribution improve- 
ments. A financial study and water 
rate analysis was prepared and new 
water rates were adopted and made 
effective in December 1956. 

Educational efforts by the city offi- 
cials, pointing out the need for the 
project and the costs involved, resulted 
in a 4:1 vote in favor of a $100,000 
general-obligation issue in July 1956. 
A $210,000 revenue bond issue was 
set up to provide an average over- 
coverage of 1.6 with a minimum of 
1.51. There were two reasons for this 
high coverage: [1] to make the reve- 
nue bonds more salable and [2] to per- 
mit use of surplus income for paying 
off the general-obligation bonds and 
make a general property tax unneces 
sary after the first 5 years, except as 
necessary to pay the fire protection 
charge of $100 per hydrant 


Construction Contract 


Plans and specifications for the vari- 
ous sections of the project were com- 
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pleted and construction bids received 
on Apr. 10, 1957. The total of the low 
bids on the project was $276,255. A\l- 
though the low bidder was not known 
to be experienced in this type of con- 
struction, the firm had been engaged 
in heavy construction for many years. 
The next lowest combination of bids 
brought the project total to $316,000— 
the difference being in the construction 
of the collector. Contracts were finally 
awarded to the low bidder, and on Jul. 
30, 1957, the bonds were sold at 4} 
per cent net effective interest on the 
general obligations and 5 per cent on 
the revenues. The construction con- 
tracts were formally signed and work 
started on the project. Everyone 
breathed a sigh of relief—at last Bridg- 
man would have a dependable adequate 
water supply. 


Construction Difficulties 
On Nov. 20, 1957, the resident engi- 


neer met a Michigan Highway Depart- 
ment survey team working on the re- 
location of a highway and was in- 
formed that the new reservoir site, 
which was yet undeveloped, was within 
the right-of-way of the new highway. 

The city had title to the site and 
could have gone ahead with the con- 
struction, but the highway depart- 
ment said that their new route was 
firm and that they would rather pay 
for relocating the tank now than pay 
for tearing it down and relocating it 
later. A study was made of the alter- 
native sites for the reservoir outside 
the proposed right-of-way, together 
with the hydraulic and functional re- 
quirements of each site. It was deter- 
mined that the least expensive solution 
was to move the reservoir to the treat- 
ment plant site, build it of reinforced 
concrete rather than steel as an addi- 
tion to the clear well, install auxiliary 
power for high-lift pumping during 
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power outages, and then construct a 
new 10-in. pipeline parallel to the ex- 
isting 8-in. line from the treatment 
plant to the business district. 

The additional cost of this change 
was to be borne by the highway de- 
partment; in the long run, it would 
save the department an appreciable 
sum of money in not having to acquire 
and remove the tank from the site 
originally proposed. This plan was 
accepted in February 1958. 

On Jan. 15, 1958, the contractor 
filed suit in a federal district court for 
a declaratory decree and asked for an 
additional payment of $15,000 in addi- 
tion to the contract sum. The con- 
tractor contended that the city had 
knowingly defrauded him into signing 
the contracts and that the subsurface 
conditions were not those described 
at the time of bidding. The contract 
documents had, in fact, spelled out 
very clearly in three places that any 
information regarding subsurface con- 
ditions was intended to assist the con- 
tractor in preparing his bid and that 
the owner did not guarantee the accu- 
racy of such information. 

It should be mentioned here that the 
specifications for the collector were of 
the performance type and left many 
details of construction to the contrac- 
tor’s option. They provided that the 
collector yield 1,250 gpm during the 
month of August and that the water 
produced be substantially free of sand. 
The contractor, at the time he filed 
suit, had constructed the caisson and 
laterals and was starting to worry 
about meeting the performance tests. 
The case never came to court, as it 
was discovered that the contractor was 
not registered with the Michigan Cor- 
poration and Securities Commission 
and was, therefore, not entitled to do 
business in Michigan. The contracts 
were voidable. The city notified the 
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contractor to leave the job and that the 
work would be completed by others. 


New Contract 


On Apr. 28, 1958, a negotiated con- 
tract for completion of the project was 
signed with the contractor who had 
been second bidder for the original 
contract. The new contract included 
the changes brought about by reloca- 
tion of the reservoir site. 
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The collector laterals have been de- 
veloped to substantially sand-free con- 
ditions. When test-pumped at the 
maximuni rate of the equipment avail- 
able, they produced :,600 gpm with a 
drawdown of only 2 ft out of an avail- 
able 16 ft. 

The new contractor has made excel- 
lent progress, and it is expected that 
the plant will be completed within a 
month or so.* 


Joint Supply for Two Cities—Clifford H. Spicer 


A paper presented by Clifford H. Spicer, Spicer Eng. & Assoc., 


Saginaw, Mich. 

A rapid sand filtration plant has re- 
cently been placed in operation at the 
city of East Tawas, Mich., and sup- 
plies both East Tawas and Tawas City. 
The plant the solids-contact 
method of coagulation and sedimenta- 
tion as well as rapid sand filtration. 
It has been suggested that some of the 
problems that arose in getting this 
project under contract and completed 
would be of interest to others who 
have similar projects. 


uses 


East Tawas is a summer resort com- 
munity located on the shore of Tawas 


Bay almost directly across Saginaw 
Bay from the tip of the thumb of 


Michigan. The city has a year-round 
population of 2,500. The influx of 
resort during the summer 
months approximately equals the per- 
manent population. A majority of the 
visitors stay in the state park on the 
shore of the bay adjacent to the water 
plant. 


people 


Tawas City is located on the shore 
south East 
The two cities have a common 


of Tawas of 
Tawas. 
boundary line and the proximity of 
the two cities has resulted in much 


rivalry and occasionally in controversy. 


Bay just 


Supply Problems 

For many East Tawas has 
obtained its water supply from Tawas 
Bay through a 16-in. intake, which 
extends a distance of approximately 
1,400 ft into the bay. The bay water 
has supplied to the 
people with no treatment other than 
chlorination. 

The turbidity of the water 
varies from 2 to 40 or 50 ppm when 
there is a strong southwest wind. The 
average turbidity is about 5 ppm, and 
the total from 95 to 
100 ppm 

The water intake well, pumping sta- 
tion, and a 75,000-gal elevated tank 
are located on the shore of the bay at 
the foot of Newman St., which is the 
main street of East For the 
past 15 years or more there has been 
a long municipal dock extending out 


years 


always been 


raw 


hardness varies 


Tawas. 


*[The plant has since been completed. It 
was placed into operation on Nov. 11, 1958, 
and was turned over to the city completed 
on Jan. 10, 1959. During the first 2 weeks 
the plant was operated manually because 
all of the control equipment components 
had not arrived, but since Dec. 1, 1958, the 
plant has operated continuously with 
difficulties. —Ed. ] 


no 
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into the bay from the foot of Newman 
St. The dock provides anchoring 
berths for approximately 24 large 
pleasure yachts, some of which are 
used as summer homes. This condi- 
tion and the fact that the beach adja- 
cent to the water plant is used for bath- 
ing create a potential water pollution 
problem that has been recognized by 
the Michigan Department of Health 
for many years. 


Engineering Study 


In 1953 the author’s firm was en- 
gaged to make a study of the water 
problem at East Tawas and submit a 
report. At approximately the same 
time the firm was employed by Tawas 
City to obtain a more adequate water 
supply from deep wells. 

Well water in Tawas City is very 
hard and has a high chloride content. 
It was also becoming increasingly dif- 
ficult to obtain well water in sufficient 
quantity to supply the needs of the city. 
The present estimated year-round 
population is 2,000, and the summer 
population is estimated to be 3,500. 

As there is an unlimited supply of 
chemically good water in Tawas Bay, 
the logical and most economical solu- 
tion of the water problem was to sup- 
ply filtered and treated bay water to 
both cities through one filtration plant. 
This plan would reduce the overall first 
cost, reduce the operating cost, and 
result in an excellent supply of clear, 
soft water to both cities. 

In the engineer’s report submitted 
to the East Tawas Board of Public 
Works in September 1953, it was rec- 
ommended that a filtration plant be 
built to serve both cities. Two plans 
were suggested whereby this could be 
accomplished. One plan proposed that 
East Tawas finance and build the filtra- 
tion plant and sell water to Tawas City 
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under a long-term contract at a rate 
acceptable to both cities. 

The other plan proposed that a 
water authority be established by refer- 
endum and legislative action. The 
water authority would then finance and 
operate the filter plant supplying water 
to both cities. 

East Tawas already had an intake 
and a pumping station which could be 
used with a filter plant, and, because 
of the apparent difficulty of obtaining 
a favorable vote to establish a water 
authority, it was recommended that 
the first plan be adopted. It was fur- 
ther recommended that a filter plant 
with a capacity of 1.75 mgd be built 
to serve both cities. 

The maximum daily use in 1953 was 
550,000 gpd in East Tawas and 
180,000 gpd in Tawas City, or a total 
of 730,000 gpd. Consumption is high 
in East Tawas, probably because the 
supply is unmetered. 

From September 1953 to June 1955 
East Tawas took no action to start 
construction of the filtration plant. 
During this period, however, the Engi- 
neering Division of the Michigan De- 
partment of Health urged the city by 
letters and personal request to pro- 
ceed with the water improvement 
project. 


Failure of Cooperation 


In June 1955 the East Tawas City 


Council authorized the engineering 
consultants to prepare construction 
plans for a filtration plant. Before 
construction could be started, however, 
it was necessary to know if Tawas 
City would purchase water from East 
Tawas. Unfortunately, at that time 
the location of a new consolidated high 
school became a very controversial 
issue. Each city wanted the school 
located within its boundaries. In the 
end, the new school was located out- 
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side both cities. Feelings became so 
bitter over the school issue that all 
hope that Tawas City would agree to 
purchase water from East Tawas was 
abandoned. A joint meeting of city 
councils confirmed the hopelessness of 
the venture. The capacity of the pro- 
posed East Tawas filtration plant was 
therefore reduced to 1.5 mgd, and in 
September 1956 a construction permit 
was issued by the Michigan Depart- 
ment of Health. 

Bids were received on Oct. 22, 1956. 
The low bid of $269,105 was about 20 
per cent higher than a preliminary esti- 
mate made 2 years previously. The 
contract was awarded contingent upon 
the sale of bonds. A financial con- 


issue. At first it was the consensus 
of the city council that the bond 
issue would consist of both general- 
obligation and revenue bonds. Owing, 


in part, to the difficulty that had been 
met in getting support for the school 
issue, it was finally decided that the 
entire issue would be revenue bonds. 

A 30-year revenue bond ordinance 
for $300,000 was adopted on Dec. 10, 


1956 and published on Dec. 13. An 
application to the Municipal Finance 
Commission was filéd later in Decem- 
ber and was approved on Jan. 22, 1957. 
The bonds were sold on Feb. 13, 1957 
at 4.21318 per cent interest, and the 
money was finally available on Apr. 1, 


1957. 


Cooperation at Last 


Meanwhile, after having drilled a 
relatively unproductive test well, the 
Tawas City Water Board began to 
realize that an ample supply of filtered 
water from East Tawas would be very 
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desirable. The East Tawas Water 
Board, during the process of estab- 
lishing a source of revenue to retire 
the $300,000 bond issue, came to the 
realization that Tawas City would be 
a good customer. 

At a joint meeting of the Tawas City 
Water Board and the East Tawas City 
Council on Nov. 19, 1956, it was rec- 
ommended that a committee be ap- 
pointed by the mayors of both cities, 
consisting of 4 men from each city, 
the two city attorneys and the consult- 
ing engineer, to draft a contract for the 
sale of water to Tawas City. 

Both cities approved the recommen- 
dation and a committee was established. 
After two or three discussion meetings, 
a draft of the contract was prepared 
providing for the sale of water to Tawas 
City at $0.21 per 1,000 gal with a mini- 
mum charge to be based upon fixed 
costs and operating costs prorated ac- 
cording to population. Both city at- 
torneys then went over the rough draft 
and added their ideas and legal phras- 
ing. The two attorneys and the con- 
sulting engineer completed the final 
draft, which was approved by Tawas 
City on Apr. 30, 1957, and East Tawas 
on May 2, 1957. The contractor 
started work on the plant early in 
April 1957 and the plant went into 
operation in May 1958. 

The water use on the maximum day 
prior to the installation of the East 
Tawas filter plant was 550,000 gal. 
During a period of extremely dry 
weather in the summer of 1958, water 
consumption increased to 700,000 gpd. 
The lack of customer meters accounts 
for the high consumption, and meter- 
ing of all users is recommended in the 
near future. 





Chapter 9—Maintenance and Repair of 
Positive-Displacement Meters 


AWWA Meter Manual 


A manual on water meter selection, installation, testing, and mainte- 


nance has been prepared by AWWA Committee 8610—Meters. 


This 


is the last of four installments (see June, p. 799; July, p. 913; August, 


p. 1022). 


price to be announced). 


HE maintenance and repair of 
positive-displacement meters,* par- 
ticularly in the small plant, is discussed 
in this chapter. It should be men- 
tioned at the outset that every new 


The Manual will be issued as a separate volume (date and 


meter should be tested before being 
placed in service, so that a complete 
history is available when the meter is 
eventually brought in for inspection or 
repair. 


Disc Meters With Two-Part Chambers 


Cleaning 


Every meter coming into the shop 
for repairs should be dismantled and 
all parts should be thoroughly cleaned, 
as shown in Fig. 9.1. If there is no 
time to clean a meter immediately, one 
end of the spud should be capped and 
water should be run into it under a 
faucet. When the meter is full of wa- 
ter, the top or open end of the other 
spud should be capped, and the meter 
should be allowed to stand in an in- 
verted or upright position until it can 
be dismantled. This method keeps the 
deposits from the water soft and makes 
dismantling and cleaning easier. 

A cast-lead block, approximately 1 
ft square and 2 in. thick, is a very 
handly tool for the meter repairman. 
When disassembling a meter that has 
been in service for many years, it is 


* Because designs of other types of meters 
vary widely, uniform procedures are im- 
possible and, therefore, are not given in this 


manual. Information on maintenance and 
repair can usually be obtained from indi- 
vidual manufacturers. 


sometimes difficult to remove the inte- 
rior parts from the casing. In that 
event, the meter can be picked up, 
after the bottom has been removed and 
given a few sharp blows on the lead 
block to break the seal between the 
chamber and the casing. The block 
will take the impact and will not nick 
or damage the casing. 

Numerous methods and chemicals 
are utilized for cleaning water meters. 
Hot alkaline solu ions are used to wash 
off oil and grease films, and cold acid 
solutions remove lime deposits, rust, 
and corrosion. Rubber in meters is 
not normally affected by either acid or 
alkaline solutions, but the temperature 
at which alkaline solutions are usu- 
ally employed (approximately 160°F) 
would ruin hard-rubber parts. Re- 
gardless of which type of solution is 
used, meter parts should be rinsed in 
clean, cold water before reassembly to 
avoid corrosion from acids remaining 
in the crevices. Overdipping in strong 
acids should be avoided. 
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Fig. 9.1. Dismantling and Cleaning of Meters in Shop 


If not dismantled immediately upon arrival in the repair shop, meters should be sealed 
with water inside and stored in an inverted position. The water keeps any deposits 
inside the casing soft and easily removable. 
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Chamber and Disc 


An inspection of the inner parts of 
the meter should start at the heart or 
motor, which is the chamber and disc 
(Fig. 9.2 and 9.3). First, the chamber 
should be inspected for pit holes. If 
the ball sockets of the chamber are 
very badly pitted, a new chamber is 
recommended. If the ball sockets are 
in good condition, even though the 
cone or surface of the chamber may be 


pitted, it may not be necessary to 
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and the wear of the slot is not more 
than 7 in. An alternative method for 
reconditioning a chamber with a worn 
thrust roller slot is to use a slot chan- 
nel insert and a special thrust roller. 
Should it be necessary to replace a 
partition plate, the clearance between 
the disc ball and the plate must not be 
too great, or it will permit water to 
pass from the inlet to the outlet of the 
chamber without registering on the 
meter. The partition plate must be 
tightly secured; a loose plate will rub 


Fig. 9.2. Opening of Disc Chamber and Gaging of Chamber Ball Socket 


A special prying tool (left) is here being used to open the split-case chamber. 
metal ball gage (right) ts used to check the socket for excessive wear. 


A little ex- 


throw the chamber away. 
perience will soon enable the repair- 
man to exercise proper judgment. 

If the meter disc has a thrust roller, 
the slot should be checked for exces- 


If the cham- 
ber has a thrust roller insert (or bear- 
ing plate, as it is sometimes called) 
that, too, should be examined. If not, 
it is possible to send the chamber 
to the manufacturer to have it slotted 
for the thrust roller insert, if the rest 
of the chamber is in good condition 


sive wear and corrosion. 


on the disc ball, causing friction and 
meter failure. 

Next, the disc should be checked 
with a straightedge to see if it has been 
warped by hot water. Cracks in the 
disc should be looked for, as they may 
cause it to break in service. The disc 
ball should be examined for swelling 
caused by hot water. The thrust roller 
hole should be checked for wear, be- 
cause an oblong or badly worn hole 
provides a very loose bearing for the 
roller, causing a binding that results 
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in low-flow registration losses. It also 
leads to excessive wear in the thrust 
roller and chamber slot. The thrust 
roller should be inspected for wear and 
to make sure that it turns freely in 
the disc. A roller that cannot revolve 





Pig. 9.3. 
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After badly defective or worn parts 
have been replaced, the disc should be 
inserted in the bottom of the chamber, 
and the chamber top placed in position 
and closed. To determine whether the 
disc has proper clearance, a new disc 


Examination and Assembly of Chamber and Disc 


All parts should be carefully checked and replaced if worn. 


properly will develop a flat spot on its 


head, causing a great deal of friction 
and unnecessary wear in the thrust 
roller slot of the chamber. Finally, the 
disc spindle should be examined for 
wear. 


and chamber can be used for compari- 
son. Without correct clearance, the 
meter will not give a good test result. 
If there is too much clearance, the 
chamber can be taken apart and, with 
the disc still assembled, a number of 
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pieces of brass shim stock, ranging in 
thickness from 0.002 to 0.007 in., may 
be placed under the disc ball, one by 
one, the chamber being closed in the 
usual manner after each trial. When a 
piece of the right thickness to give the 
proper clearance has been found, the 
disc may be taken apart for insertion of 
the shims between the half-balls and 
the disc plate. (Before disassembling, 
however, the exact position of the balis 
in relation to the plate should be 
marked with a pencil so that they can 
be replaced in the same way. Unless 
this precaution is taken, there may be 
a faulty fit because of the uneven wear 
on the balls and chamber socket caused 
by lateral thrust.) 

In the insertion of the shim, consid- 
eration should be given to the likeli- 
hood of differences in wear. Thus, if 
the required shim thickness is found 
to be 0.005 in., an 0.003-in. shim 


should be placed between the bottom 
half-ball and the disc, with an 0.002-in. 
shim between the top half-ball and the 
disc. 


Shimming 

It may be well to describe briefly the 
proper way to perform the shimming 
operation. The shim is cut in the 
shape of a cross, and the center of the 
cross is laid over the center of the ball 
socket in the chamber. The weight of 
the ball, when placed on the cross, 
forces the shim stock to the bottom of 
the socket, causing the arms of the 
cross to turn up around the ball. This 
method avoids wrinkling or creasing 
of the shim, which would result in false 
readings. In view of the repair time 
required for shimming, it may often 
prove more economical to use new, 
oversize balls—or even new discs, 
complete with oversize balls—rather 
than shims. When a new disc is em- 
ployed for this reason or because the 
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old disc has been damaged beyond re- 
pair (by hot water, for example), 
discs with ball sets of various sizes 
should be tried until one with proper 
clearance is found. 

On reassembling the disc and 
chamber, one should blow gently 
through the outlet port to test the free- 
dom of movement of the disc. If it 
sticks, one should take hold of the top 
of the disc spindle and turn it counter- 
clockwise for approximately 10-20 
revolutions. Then the disc should be 
removed from the chamber and exam- 
ined to see where it has been binding. 
This is indicated by highlights or 
shiny marks on the disc or ball. A 
nick in the finished surface of the 
chamber will cause the disc to hang 
up at that point. By using a three- 
cornered scraper or any sharp instru- 
ment, one can eliminate all obstruc- 
tions. The disc and chamber may then 
be reassembled and checked again. 

Another way to obtain a smooth fit 
for the disc is to use a grinding com- 
pound on the half-balls and disc edge 
and “run in” the disc by revolving the 
disc spindle. This method has been 
objected to on the ground that there 
is some danger of impregnation of the 
hard-rubber parts with the grinding 
compound, which even the most thor- 
ough rinse cannot remove. Under 
service conditions, the cutting action 
of the abrasive can cause excessive 
wear. 


Gears 


The gear train should run freely and 
mesh smoothly. All spindles should be 
checked for wear, and bushings for 
worn and oversize holes. They should 
be replaced if worn. All gear teeth 
should be checked to see if they are 
worn. If the gears revolve around the 
spindle, the hole in the gear may be 
worn. The control roller should be 
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checked to see if it is worn or badly 
swollen. It is very important to have 
a control roller of proper size, as the 
closer the fit to the disc spindle (with- 
out binding as it revolves), the greater 
the accuracy on fine flow tests. Also, 
the control roller must run freely on 
its pivot or bearing, or it will show a 
considerable amount of wear in a very 
short time. Flat spots on the roller 
are an indication that it is sticking. 
The meter change gear should then 
be removed and its teeth examined. 
The stuffing box nut should be checked 
and the old packing discarded. If 
there is wear on the upper driving pawl 
or stuffing box spindle, they should be 
replaced. If excessive wear or corro- 
sion is found, the manufacturer should 
be consulted. If the condition is 


caused by the composition of the water, 
the manufacturer or his metallurgist 
can suggest steps to be taken. 


Reassembly 


To reassemble the meter, insert the 
upper driving pawl spindle in the in- 
verted main casing. Then screw the 
gear train in position, either in the 
casing or on top of the chamber, de- 
pending on the make of the meter. 
Lower the chamber into the casing, 
making sure that the bottom lugs of 
the chamber are flush with the gasket 
seat of the casing. Apply thumb pres- 
sure on the bottom of the chamber to 
place it in proper position. If the 
chamber does not fit snugly against 
the outlet port of the casing, some of 
the water will bypass the meter and 
registration will be very inaccurate. 

Blow gently into the outlet port of 
the meter to check the freedom of 
movement of the disc and gear train. 
Insert a new bottom gasket in place 
and bolt the bottom in position, tight- 
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ening alternate bolts a little at a time. 
Then set the meter in an upright posi- 
tion and repack it with new stuffing 
box washers. If possible, do this in 
a test machine. Before turning on the 
water and subjecting the meter to pres- 
sure, screw down the packing nut 
lightly. Turn on the water and adjust 
the nut until it stops leaking. (Making 
the stuffing box nut too tight will 
squeeze the spindle, causing a tremen- 


Fig. 9.4. Disc Meter With 
Three-Part Chamber 


In this meter, as in most disc meters with 
three-part chambers, the disc can be re- 
moved by removing the bottom plate of 
the chamber. The disc and ball are one 
piece and cannot be replaced separately. 


dous amount of friction and retarding 
registration of small flows.) With 
the pressure on the meter, let the 
change gear drop down on top of the 
stuffing box nut, lift up the gear 
slightly, and tighten the set screw. 
The upper driving spindle will thus 
be forced up by the pressure in the 
meter, representing the actual condi- 
tion in the field. When the register is 
properly placed on the meter so that 
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both gears mesh, they will at all times 
remain in their correct positions. If 
the meter gear were placed on the 
spindle in the down position and the 
register and gear set to mesh, water 
pressure might cause the spindle and 
meter gear to rise and become dis- 
engaged from the register gear and 
result in a dead meter. 

If the register is undamaged but 
does not run freely, soaking it in pene- 
trating oil and then in light lubricating 
oil may prove effective. If the register 
then runs freely, without too much play 
in the gears or wear in the bushing, 
it will not have to be disassembled and 
repaired. Register gears turn so 
slowly that there should not be exces- 
sive wear on gears, spindles, and 
bushings. 


POSITIVE-DISPLACEMENT METERS 


Summary 


Some of the important points of 
nutating-disc meter maintenance and 
repair are summarized below: 

1. Clean all meter parts thoroughly. 

2. Make sure the gear train runs 
freely. 

3. Check the action of the disc in 
the chamber before and after assembly 
in the main casing. 

4. Remember that friction is just as 
detrimental to a meter as leakage. 

5. Store meters away from steam 
pipes, hot-water lines, furnaces, and 
other sources of heat. 

6. Use a new meter as a standard 
of comparison for tolerances and 
clearances. 

7. Do not hesitate to call on the 
manufacturer and his staff for help. 


Disc Meters With Three-Part Chambers 


The three-part chamber (Fig. 9.4) 
generally houses discs of conical shape, 
which may be removed from the cham- 
ber by removing the bottom plate. 
Removing the top chamber plate is not 
generally necessary, as wear usually 
takes place on the outlet side of the 
bottom plate recess or on the outlet 
side of the ball. Frequently, the turn- 
ing of the bottom plate a third of the 
way around will bring the test back to 
its normal accuracy. If, however, the 
desired correction is not accomplished, 
the disc or the bottom plate—or, in the 
event of severe wear, both—should be 
replaced. The diaphragm, or division 
plate, should be checked for wear and 
replaced if necessary, and care should 
be taken to see that it does not bind 
on the ball of the disc. Setting of the 
diaphragm can be done with a lead 
hammer or by holding a piece of hard 


wood against the bottom plate side. 

The should, of course, move 

freely in the reassembled chamber. 
Unlike the disc of the three-piece, 


disc 


flat type, the one-piece, conical disc 
cannot be shimmed to offset the wear 
on the disc ball or ball sockets. Re- 
placement of the disc or the chamber 
bottom plate has the same effect and 
can be done by an inexperienced man 
in a very short time. 

The chamber should be carefully 
cleaned. If 
used properly, the machined surfaces 
will not be damaged, but the use of 


chemicals or acids are 


abrasives may well destroy the toler- 
ances necessary for accurate registra- 
tion, and unless the chamber is thor- 
oughly cleaned and rinsed, the abra- 
sive action will continue for quite some 
time. 
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Oscillating-Piston Meters 


The maintenance and repair of 
oscillating-piston meters are similar to 
the maintenance and repair of nutating- 
disc meters. The only difference is in 
the repair of the measuring chamber. 

Oscillating-piston meters, like disc 
meters, have three outer casings 
and three interior working assemblies. 
The outer casings are: the register 
box, sometimes referred to as a cap 
or bonnet; the upper shell, sometimes 
called a cover or main casing; the bot- 
tom plate, also known as a base or 
lower shell. The working assemblies 
are the register, gear train, and meas- 
uring chamber. 


Cleaning 


Meters brought into the shop for 
inspection should be completely dis- 
assembled. The outer casings, bottom 
plates, bolts, nuts, gear trains, and 
screws may be cleaned by sandblast- 
ing, acid or alkaline descaler baths, or 
wire brushing in water. The method 
used will be dependent on the number 
of meters to be repaired per day. 
Measuring chambers should not be 
sandblasted, as sandblasting destroys 
the machined surfaces on the inside. 
The chambers should be cleaned in 
acid baths only to remove scaling and 
verdigris that are difficult to remove 
with a wire brush. Acids, if used, 
should be mild enough not to etch the 
machined surfaces of the chamber. 
Plated chambers should not be dipped 
in acids, as acids remove tinned coat- 
ings. The inside of the chamber often 
takes on a greenish color, but the coat- 
ing may be perfectly smooth and the 
disc may move freely. This discolora- 
tion should not be removed, as it is a 
protective coating that helps to avoid 
any further corrosive action. 


Register Boxes 


The register box requires little re- 
pair. Unless severely damaged by ma- 
licious intent or accident, it may need 
only a new glass or lid. Broken or 
stained glass is easily replaced by re- 
moving the glass-retaining spring or, 


Fig. 9.5. Measuring Chamber of 
Oscillating Piston Meter 


The measuring chambers of oscillating 

piston meters may be of the split-case 

type (lower) or removable-lid type (up- 

per). In the lower illustration the cham- 

ber is being inspected with a gage for 
wear. 
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in the case of some old meters, the 
putty that holds it to the box. The 
new glass is placed in its proper posi- 
tion inside the box and the glass- 
retaining spring is replaced or the glass 
is reputtied. If the lid or serial num- 
ber plate is bent or broken at the hinge, 
it should be replaced. To do this, 
the box should be placed in the vise 
and one end filed off the lid pin or 
rivet; the remainder of the lid pin 
should be driven out of the box with 
a small punch or icepick; then a new 
lid, new hinge pin, and rivet should 
be installed. 


Upper Shells 


The casing on 3-in.—2-in. meters is 
usually made of a bronze composition. 
Some types of meters have cast-iron 
upper shells on 14-in. and larger sizes. 
Bronze shells should be checked for 
distortion caused by frost. This can 


be checked by placing a straightedge 
across the main flange to see if the sur- 


faces are true. If sprung, the casing 
should be replaced. The flange should 
be cleaned of all gasketing material. 
This can be accomplished with a suit- 
able scraper. The stuffing box horn 
on the top of the shell should be 
checked to see if the hard-rubber stuff- 
ing box spindle bushing is excessively 
worn. If worn, the bushing should be 
replaced. The bushing may be driven 
out with a suitable punch or drilled 
out. A new one should then be press- 
fitted into the horn. Some upper shells 
do not have integral stuffing box horns 
but have a hole through which the horn 
of the gear train protrudes. The top 
of this hole has a counterbore for a 
gear train locknut and should be thor- 
oughly cleaned. The bottom of the 
hole has a faced boss against which 
rests a gear train gasket. This boss 
should be cleaned of all gasketing ma- 
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terial. Cast-iron upper shells should 
be checked as described above, and for 
deterioration. Cast iron graphitizes 
with age. Graphitization lessens the 
strength of the casting. Where this 
condition exists the shell should be re- 
placed. Graphitization can be checked 
by scraping the flange of the casting 
with a scraper or knife. If the metal 
powders like the lead on a pencil, 
graphitization is occurring. Iron cas- 
ings, if reused, should be painted on 
the inside with an asphalt-base paint 
to protect the iron from corrosion. 


Lower Shells 


The lower casing is made of bronze 
or cast iron, depending upon whether 
the meter is the frost or nonfrost type. 
To check bronze lower shells for dis- 
tortion caused by frost, place a straight- 
edge across the main flange. Dis- 
torted casings usually cannot be re- 
used and must be replaced. The flange 
should be cleaned of any gasketing ma- 
terial. The threads on the spuds should 
be checked. If threads are nicked or 
damaged, they may be made usable 
by running a rethreading die over 
them. Cast-iron lower shells should 
be checked for graphitization, as ex- 
plained above for cast-iron upper 
shells. The cast-iron lower shell, if 
reused, should be painted on the inside 
with an asphalt-base paint or lined 
with a copper, brass, or plastic liner. 


Registers 

Round registers should be checked 
for loose hands, loose spindle wheels, 
worn bushings and pinions. After the 
hands and porcelain face have been re- 
moved, the register may be dipped in 
acid to clean it. If dipped in acid, the 
register should be flushed with cold 
water. If none of the spindles, pinions, 
or wheels have to be replaced, it will 
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not be necessary to take the register 
apart. The register can be dipped in 
kerosene or an anticorrosion oil. This 
will counteract any remaining acid and 
also lubricate the register. The register 
face should be replaced if cracked or 
if the numerals are faded. Finally, the 
hands can be replaced and resoldered. 


Fig. 9.6. 
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cold water and lubricated with a fine 


oil. 


Gear Trains 


Gear trains of the open or enclosed 
types should be completely disassem- 
bled. The wheels, pinions, and spin- 
dles should be checked for wear and 


Gaging and Inspection of Bridge, Piston, and Chamber 


Each of the parts of the measuring chamber assembly should be carefully inspected. 
In the right photograph, a micrometer is being used to check for piston wear. 


Straight registers should be checked 
for loose test hands, worn worms and 
worm wheels, cracked end plates on 
numeral wheels, bent main and tum- 
bler shafts, and broken tumblers 
(sometimes referred to as mangled 
pinions). Unless the 
register should not be dipped in acid, 
as acid will fade or eat the black ink 
on numeral wheels. If the register is 
not taken apart, it may be dipped in 
kerosene to clean, then flushed with 


disassembled, 


replaced if The _hard- 
rubber bushings in the top and bottom 
plates should be checked for wear. If 
excessively worn, they should be re- 
placed. The holes in the bushings can 


be checked for wear by using the 


necessary. 


spindle in a new wheel as a guide. 


The holes can also be checked with 
the shank of a drill of the same diame- 
ter as a new wheel spindle. Hard 
rubber bushings can be removed read- 
ily by three methods. The method 
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used depends upon the number of gear 
train plates to be rebushed. 

1. Drill out the bushing with a drill 
one size smaller than the hole in the 
plate. Remove the remaining material 
with a small pick. (An icepick will 
do. ) 

2. Extract the bushing with a bush- 
ing extractor made by the manufac- 
turer or made by holding a proper-size 
wood screw in T-handle tap wrench. 
The wood screw should be slightly 
larger than the hole in the bushing. 
The head will have to be ground off 
the wood screw so that it can be held 
by the tap wrench. 

3. When large quantities of plates 
are to be rebushed, time can be saved 
by placing the plates in a pail of hot 
water for several hours. Hot water 
expands the metal around the bushing 
and allows the bushing to drop out or 
be picked out easily. 

New bushings are press-fitted into 


place and should be staked to keep 


from turning. Staking can be 
done with a regular staking tool or 
with a center punch. After the holes 
have heen staked in, the bushings may 
have to be reamed. A drill one size 
larger than the gear spindle may be 
used as reamer. Worn driving dogs 
on the top and bottom of the gear 
trains should be replaced. 


Measuring Chambers 

Unlike disc chambers, oscillating- 
piston chambers have no curved in- 
side surfaces. The piston design and 
the large flat areas over which the 
piston glides restrict chamber and 
piston wear to a minimum even after 
many years of service. 

Chambers are made in three styles, 
namely, two-piece three-piece, and 
split-case (Fig. 9.5). Two-piece 
chambers consist of a chamber with 


them 
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removable top or bottom head. Split- 
case chambers consist of two chamber 
halves, snap-fitted in the middle. 
Three-piece chambers consist of a 
cylinder ring with removable top and 
bottom heads. Regardless of design, 
these chambers contain a division plate 
(sometimes called a bridge), a piston, 
and a piston roller. 

The fitting of pistons to these three 
styles of chambers is the same. To 
examine an old piston for wear (Fig. 
9.6), shim stock, thickness gages, or 
tissue paper, approximately 0.001-, 
0.003-, and 0.005-in. thick may be used 
for the 8-in. size. The 0.001-in. shim 
is placed between the piston web and 
the top and bottom chamber abut- 
ments. The 0.003-in. shim is placed 
between the top of piston rim and face 
of chamber. The 0.005-in. shim is 
placed between the outside of the 
piston and the inside of the chamber 
wall. Excessive clearances usually in- 
dicate piston wear. A new piston will 
close up clearances. The 
new piston should be checked with 
these shims. The sidewall of an old 
piston should be checked with straight- 
edge to determine if it has been dis- 
torted by heat. The piston should also 
be examined at the division plate slot. 
This slot has two V-shaped surfaces 
opposed to each other (><). If V 
edges are worn excessively, the piston 
should be discarded. Examine the 
division plate. If either wall is worn 
or severely scratched, use a new plate. 
Examine the piston roller for round- 
ness. If flat areas are apparent on the 
cylinder, replace it. Whenever a new 
piston is used to repair the chamber, 
use a new piston roller. To reassem- 
ble, place the division plate in the 
chamber. In some styles of chambers, 
the division plate is press fitted into 
slots in the chamber wall and center 


excessive 
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abutment. This press fitting should be 
done by hand. Do not drive the plate 
in place with a hammer, as this will 
probably distort the chamber wall. If 
the division plate does not slip in posi- 
tion with the pressure exerted by the 
thumb, then file the edges of the divi- 
sion plate until it slip-fits. Place the 
piston roller on its spindle in the cham- 
ber. See that roller turns freely. If 
not, polish the roller spindle with a 
crocus cloth. Place the piston in the 
chamber and check the clearances with 
shims. Oscillate the piston through 
its cycle very slowly. If the piston 
sticks or hangs up during its cycle, 
the trouble can usually be found in 
the piston slot or piston loop. Check 
to see that the piston slot V sections 
(><) are not bearing too tightly on 
the division plate. If too tight, gently 
file the flat area of the V sections. 
This will open up the slot and allow 


greater clearance for division plate. 
Also check the loop of the piston which 
is below V section to see that it does 
not bear on inner edge of division plate. 
If it bears too tightly, the piston loop 
will be polished where it strikes the 
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division plate. Remove the polished 
area with a scraper or a small, half- 
round file. Place the chamber head on 
the chamber and again oscillate the 
piston slowly through its cycle. If the 
piston still sticks or hands up, it is 
probably due to the height of the piston. 
Remove the chamber head and piston 
and note any polish marks on the top 
or bottom rim of the piston. Remove 
the polished area. This can be done 
by laying a sheet of crocus cloth on a 
flat surface and rotating the polished 
side of piston on the cloth until the 
polished area is removed. A properly 
fitted piston will oscillate through its 
cycle with a minimum of applied pres- 
sure. The sensitivity of its motion 
may be tested by holding the chamber 
in a vertical position and turning it 
clockwise. The piston, if properly 
fitted, will always remain on, or read- 
ily return to, the bottom. The three 
working assemblies, after repair, are 
now ready to be installed in the cas- 
ings. Always use new casing gaskets 
and stuffing box packing when re- 
assembling the meter. 





Chapter 10—Layout and Equipment of 
Maintenance Shop 


ANY water utility men are faced 

with the task of laying out a new 
meter testing shop or improving the 
arrangement of an old one. The nu- 
merous advantages of the use of proper 
equipment, well located in the space 
available, justify careful study and 
planning. The following suggestions 
on what to use and where to place it 
may be of some help. 

Meter shops range in size from those 
for repairing and testing a few dozen 
meters a year to some which work on 
more than 10,000 meters annually. In 
addition to the number of meters, other 
conditions that can affect the size, 
equipment, and layout of the shop 
include : 

1. Number of makes and types of 
meters used, which governs the size 
of the repair part stock and the storage 
space for it 

2. Local water quality, which de- 
termines the extent of corrosion, lim- 
ing, incrustation, and wear 

3. Location and type of meter set- 
tings, which control the condition of 
the meter register and the outside of 
the casing (The repair of frozen 
meters is a tremendous job in certain 
meter shops; in other localities, meter 
casings become caked with mud, and, 
when the dial glass is broken, the 
entire register may be clogged with 
mud. ) 

4. Local practice or state require- 
ments specifying how often meters 
shall be tested 


5. Customer ownership of meters, 
which calls for special care in identify- 
ing and segregating meters so that 
they can be returned after testing 

6. Existence of special cleaning 
practices in refurbishing meter casings 
during the process of repair and test- 
ing. (Whether done by wire brushing, 
acid dipping, sand blasting, or paint- 
ing, special equipment is required.) 

In planning the equipment and lay- 
out of any meter shop, some or all of 
these factors must be borne in mind. 
Possibly more important than any of 
them is the trend toward increased 
numbers of meters and toward more 
frequent repairs as they become older. 
All planning should be done with an 
eye to the future. 


Selection of Equipment 


The basic equipment, exclusive of a 
desk or file for meter records, is listed 
below. The most essential items are 
given first, followed by those that 
would be justified only in large shops: 

1. An accurately calibrated tank, or 
a plain tank on an accurate scale, to 
check the meter being tested against 
the actual volume causing a given 
registration (Drainage piping for the 
tank, or tanks, should be of sufficient 
size to empty it quickly.) 

2. A substantial workbench with a 
vise, hammer, wooden or leather mal- 
let, screwdrivers, wrenches, pliers, 
files, scrapers, wire brushes, and other 
tools 
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3. A sink with running water, pref- 
erably both hot and cold, for washing 
meters and parts 

4. A test bench for domestic-size 
meters (1 in.) or smaller (Although 
meters can be connected with ordinary 
fittings, there is a saving in time and 
effort if a test bench is used for smaller 
meters, which probably constitute up 
to 99 per cent of the total tested. The 
number of test units on the bench is 
governed by the volume of work. 
Series testing is generally economical. 
For more efficient testing, benches may 
provide for hydraulic clamping of 
meters and automatic shutoff of flow 
at the proper tank level.) 

5. A rate-of-flow indicator 
wire 
wide 


with 
has a 


6. An electric grinder, 
brush and_ buffer, 
variety of uses 

7. Storage 
meter parts 


which 


bins or drawers for 

8. An adapter for testing 1}-, 
and meters (This accessory, 
which attached to the test 
bench, provides ease of testing of larger 
meters at a minimum investment. ) 

9. A small air compressor (Only 
experience can indicate the many ways 
in which compressed air is convenient 
for cleaning, drying, painting, and 
similar operations. ) 


2-in. 
can be 


10. A bench drill press or an elec- 
tric hand drill, a widely useful device 
(Electrical outlets should be conven- 
iently located. ) 

11. Chemical cleaning 
(Experts disagree greatly 


equipment 
on the ad- 
visability of using acids or other chemi- 


cals on meter parts. The cleaned 
pieces, especially when treated with 
acid, have a fine appearance but may 
be slightly reduced in size, so that 
meter performance is affected. When 
chemical cleaners are used, precautions 
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must be taken to prevent health haz- 
ards. Proper rinsing facilities and ex- 
haust fans should be provided. ) 

12. A test bench for 14-, 14-, and 2-in. 
meters (When enough large meters 
are to be tested, a special bench for one 
or more of them is a good investment. 
Calibrated tanks large enough to hold 





Fig. 10.1. Cart for Moving and 
Storage of Meters 


Carts such as the one shown above are 

useful not only in saving steps but if a 

specified number of meters ts kept on 

each such cart, it can greatly simplify 
inventory counting. 


water for tests run at high rates of 
flow are also desirable for quantity 
testing of large meters.) 

13. An electric or air-driven impact 
wrench. (This facilitates speedy re- 
moval of large meter casing bolts.) 
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Lack of equipment need not result 
in poor testing of small meters. With 
an accurate tank, a watch, and a few 
valves and fittings, it is possible to do 
a thorough testing job. Some or all 
of the additional items listed above 
will, however, increase efficiency and 
are usually a good investment. 


Shop Layout 


After the amount and type of equip- 
ment to be included in the meter shop 
have been decided upon, attention 
should be given to proper placement 
in the allotted There are a 
number of requirements to be satisfied 
and a good many valuable principles 
to be applied. The arrangement 
adopted should provide the best flow 
of meters through the shop. The dis- 
tance between adjacent stations should 
be short, and easy methods of moving 
the meters should be available. 


space. 


A meter follows this general routing 
in the shop: the incoming meter is 
tested and stored; next, it is washed 
and disassembled; the parts are 
cleaned, nonserviceable parts are re- 
placed, and the meter is reassembled ; 
then it is taken to the test bench and 
given the required tests; if its accuracy 
is within the limits prescribed, it is 
sent to outgoing storage; if further re- 
pair is necessary, the meter is returned 
to the repair bench, and part of the 
cycle is repeated. 

The nature of this cycle suggests the 
necessity for good materials-handling 
practice to simplify as much as possible 
the physical work. This objective can 
be approached by: 

1. Locating the meter shop on the 
ground floor, which 
vators and speeds up supply 


eliminates _ ele- 


2. Arranging for a loading dock 


near the door of the meter shop, which 
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also will shorten the distance supplies 
must travel 

3. Maintaining good lighting, either 
natural or artificial, throughout the 
shop (Work tables should be ar- 
ranged so that the light from the win- 
dows does not shine into the repair- 
man’s eyes. Good operation in a meter 
shop depends upon the ability of the 
workmen to see what they are repair- 
ing, inspecting, or testing.) 

4. Providing for both hot and cold 
running water (Washing meter parts 
with hot water and soap is the least 
harmful method in and is sufh- 
cient for many parts. Hot water is 
essential, especially in cold weather.) 

5. Locating a motor-driven buffer 
near the repair bench (It is important 
to have this machine within a very few 
steps of the repairman, to obviate con- 
tinual walking. The buffer should be 
equipped with a dust collector or 
exhaust. ) 

6. Washing the exterior of dirty 
meters when they begin the processing 
cycle (This practice will improve 
working conditions by producing a 
much cleaner meter shop. ) 

7. Making compressed-air hoses 
available to both the repairman and 
the meter tester 

8. Providing storage space for both 
incoming and outgoing meters near the 
door (There they easily 
counted and readily moved in or out.) 

9. Placing the meter record file near 
the door and the meter storage area 

10. Keeping commonly used parts 
on the repair bench and storing other 
parts nearby for easy access 

11. Avoiding extensive paperwork 
in the parts checkout procedure 
(Time will be saved and the repair- 
men will be appreciative. ) 

12. Equipping the shop with carts 
(Fig. 10.1) or rolling racks to be used 


use 


can be 
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Fig. 10.2. Three Suggested Shop Layouts 
Key: (a) 12 X 15 ft; (b) 15 x 20 ft; (c) 20 x 30 ft. 
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for moving meters from one station to 
another and for storing meters (Each 
rack or cart should hold a specified 
number of meters so that quick inven- 
tory can be taken. It should be easy 
to reach every meter and read its tag. 
In a small shop, ten meters per cart 
would be enough; in a large shop, 100 
meters arranged on a rack would be 
more efficient. It may be desirable to 
provide facilities for hooking meters on 
the rack in a vertical position. With 


Fig. 10.3. 
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the processing cycle is worth serious 
consideration. ) 

It is usually impossible to adhere 
closely enough to theory to produce 
the ideal layout, chiefly because exist- 
ing facilities impose limits upon the 
designer. It is less expensive to work 
such facilities into a layout than to 
alter them to fit. It may, however, 
be worthwhile to compare the cost of 
changing the existing facilities with the 
value of the increased efficiency. The 


View of Efficient Meter Shop 


The storage racks are visible in the left foreground, with the grinder and buffer a 
little to the right; at rear left is the acid cleaning room, flanked by a sink and work- 


bench; 


ground, part of the large-meter testing equipment can be seen; 
with a portable rack for small meters in front of them. 


workbenches, 


that system, each meter is on the out- 
side of the rack and can be removed 
or examined without disturbing any 


other. Dock facilities can be arranged 
so that an entire rack filled with meters 
can be rolled alongside a truck for 
loading, thus eliminating one handling 
operation. The benefits from mobility 
of meters should not be underesti- 
mated ; any practice that will speed up 


test benches and tanks for small meters are at rear right; 


in the right fore- 
at center are other 


features affecting meter shop design 
include: shape and size of room; ex- 
isting piping; location and size of win- 
dows, doors, and size of 
available equipment, such as filing 
cabinets and workbenches; and avail- 
ability of storage space for meter and 
parts outside the room. The latter 
condition can be an advantage if there 
is not enough space inside the room 


columns ; 
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for storage. Otherwise, to have the 
storage in another room means wasted 
steps every time a part of a meter is 
moved. 

The three suggested layouts illus- 
trated in Fig. 10.2 demonstrate the 
principles mentioned previously. The 
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larger cities, the arrangement in Fig. 
10.2 (c) provides for two separate re 
pair benches, two test benches (one for 
smaller meters and for meters 
larger than 1 in.), a cleaning room, 
and a washroom. Movable racks are 
shown in all three layouts. An actual 
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Fig. 10.4. Meter Repair Shop Layout 


Arrows 


prevailing conditions determine the 
layout. In the small-shop layout in Fig. 
10.2 (a) the meters clockwise 
about the room with only short dis- 
tances between adjacent stations. The 
layout in Fig. 10.2 (b) provides more 
storage space, a buffer, more bench 
space, and a larger test bench. For 


move 


indicate the order of a typical repair process. 


layout is shown in Fig. 10.3 and an- 
other floor plan is diagrammed in Fig. 
10.4. 

Meter shop layouts that embody the 
principles of efficient material handling, 
have proper equipment, and adequately 
provide for the workman’s needs can 
definitely save time as well as labor. 





Chapter 11—Meter Records 


SUITABLE record of meters is 

one that provides full and com- 
plete information on the installation, 
repair, and testing of each meter with 
a minimum of expense. The time and 
effort devoted to maintaining meter 
records are considerable, at best, be- 
cause of the number of units involved, 
and because meters, unlike other items 
of water works facilities, do not remain 
at one location during their useful life 
but are frequently moved. 

Any system of meter records should 
provide such basic data for each meter 
as size, make, type, date of purchase, 
where the meter is located at all times, 
and data on all tests and repairs. One 
method for maintaining such records 
is by use of a meter history card (Fig. 
11.1). The basic meter data are in- 
serted at the top of the form, and the 
remainder is designed to record its 
various installations and test and repair 
work in chronological order. Each line 
of the test and repair record section is 
divided into two segments, the upper 
being used to record the test results for 
the meter upon its removal from serv- 
ice and the lower half to record the 
final test results before the meter is 
reinstalled. These meter history cards 
are filed in numerical sequence, either 
by the manufacturer’s serial number or 
the utility’s number, if the utility has 
its own system of meter numbers. 

Although this method of maintain- 
ing meter records is a good one, it 
requires transcribing much detailed 
information from other primary rec- 
ords. The work involved might be 


compared, for example, with that of 
a system composed of the following 
forms: 


Service order 

Service envelope 

Meter envelope 

Report of meter tests and repairs. 


It is necessary to describe this system 
in more detail to show how a great 
deal of duplication is eliminated with- 
out sacrifice of any meter data. 


Service Order 


The service order (Fig. 11.2) is pre- 
pared, usually by the commercial de- 
partment, and authorizes the work to 
be done. Regardless of origin, a serv- 
ice order is used to cover all types 
of work involving the installation, re- 
moval, or change of meters. Upon 
completion, the installation or removal 
data of meters are first posted to that 
meter’s meter envelope. In addition to 
this posting, for each meter removed 
from service, a report of meter test and 
repairs is prepared from data furnished 
on the service order. After these two 
records are posted, the service orders 
are turned over to the commercial de- 
partment for further processing. Fi- 
nally, when all records are posted, the 
service orders are filed in the service 
envelopes. 


Service Envelope 


The service envelope is an envelope 
of suitable size to hold all records 
concerning particular service location 
served. As each new service is in- 
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stalled, a service number is assigned to 
it and recorded, in addition to the 
meter route and account number. The 
service number is never changed, being 
used for permanent identification of 
the service location. A service en- 
velope is made out for each service. 
It has an ungummed label and the 
assigned service number is stamped on 
the outside. All records pertaining to 
that particular property are filed in 
the service envelope. These include 
the original order to install the serv- 
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posted to this envelope from service 
orders. Dates of tests of the meter are 
posted to this envelope from the report 
of meter test and repair, and each en- 
velope is used to hold all such reports 
for the particular meter. These are 
the the only data placed in the meter 
envelope. Particular attention is called 
to the fact that the only identification of 
the premises in which the meter is in- 
stalled is the service number. If the 
actual location is required, reference 
can be made to the service envelope for 





SERVICE ORDER 


METER 
Low mien 


acct 


FIMAL BILL 


Lao en NEW ACC’T No. 


Pres. 
READING 
Prev. 
READING 


CONS 


TOTAL FINAL BILL 








Fig. 11.2. Service Order 


This form, usually prepared by the commercial department, authorizes work to be 


done. 


After posting of pertinent information from this form onto other records in 


the maintenance shop, it is returned to the commercial department for processing. 


ice, which, of course, shows all mate- 
rials used in making the service and 
meter installation, together with meas- 
urements of service location and other 
data. All service orders for the prop- 
erty, all correspondence, and all other 
data are also filed in the service 
envelope. 


Meter Envelope 


A meter envelope (Fig. 11.3, right) 
is prepared for each meter on the date 
of purchase, and the dates of installa- 
tion and removal of the meter are 


the original primary record of installa- 
tion (and removal) for a complete rec- 
ord—that is, name, address, account 
number, reason meter was installed or 
removed, who did the work, and read- 
ings. Use of the service number as a 
means of identifying meter location re- 


duces posting work considerably with- 


out loss of any necessary information. 
Furthermore, filing of the original re- 
ports of meter repairs and tests in the 
meter envelopes also eliminates a great 
deal of work, as only dates are posted. 





1168 AWWA METER MANUAL Jour. AWWA 


Report of Meter Test and Repairs 95 per cent or more of all meters in a 
system are §-in. size, rubber stamps are 


As previously explained, a report of 
used to prepare a supply of these re- 


meter test and repairs (Fig. 11.3, left) 
is made out from service orders for ports for g-in. meters in advance of 
each meter removed from service. As need, which further reduces posting 
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These records, kept in the maintenance shop, contain all data needed by those directly 
concerned with the installation, repair, and removal of meters. 
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work. One of these stamps is de- 
signed to imprint the meter size (§- 
in.), make, and type (disc) in the 
spaces provided. The other stamp 
prints the various rates of flow, and 
quantities of water used in testing §-in. 
meters. Therefore, when a §-in. meter 
has been removed from service, it is 
necessary only to write in (from the 
service order) the meter number and 
check the reason for removal. The 
reading of the meter is not transcribed 
from the service order but is posted 
as an independent reading by meter 
shop personnel. Here, again, it will 
be noticed that all information of as- 
sistance to the meter shop personnel is 
furnished, but no extraneous data. 


Summary 


1. Service envelopes contain all data 
with respect to a property, including 
service orders. 

2. Service orders contain the de- 
tailed data of meter installations and 
removals for each property and are 
filed in the service envelope. 
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3. Meter envelopes contain the his- 
tory of each meter. The installation 
and removal record is posted from 
service orders. Dates of meter tests 
are posted from reports of meter tests 
and repairs. Actual repair data are 
obtained from the reports filed inside 
the meter envelope. 

Although there are innumerable 
systems of meter records, many of 
which may be considered better than 
the one described, this particular sys- 
tem is one that provides all pertinent 
information and does so with a mini- 
mum of effort. A review of almost 
any system of meter records will reveal 
unnecessary duplications or more 
elaborate and detailed records than are 
required. A little time and effort de- 
voted to this problem may well result 
in elimination of a large amount of 
clerical work with only slight changes 
in the system or method. At least, 
a review will show whether or not cur- 
rent methods are being followed simply 
because “It’s always been done that 
way.” 








Minford Silt and Ground Water Quality 
in Western Ohio 





Stanley E. Norris 





A contribution to the Journal by Stanley E. Norris, District Geolo- 


gist, USGS, Columbus, Ohio. 
thorized by the director, USGS. 


HE Minford silt, a lacustrine de- 

posit which fills the lower part of 
many preglacial valleys in Ohio, is a 
common source of trouble to well drill- 
ers and has caused several drilling fail- 
ures in the western part of the state. 
The Minford, which in most places 
is clay rather than silt, is difficult and 
sometimes impossible to drill with 
ordinary churn equipment. This is 
especially true where the fine-grained 
material is saturated with water under 
strong artesian pressure, which forces 
the silt upward into the well casing as 
the well is being deepened. Most ex- 
perienced drillers, when drilling in 
buried-valley areas, make strong ef- 
forts to develop wells at relatively shal- 
low depth in the glacial drift, above 
the Minford silt. 


Possible Advantages 


The Minford silt may not, however, 
be a total liability in ground water de- 
velopment. Indeed, if the hypothesis 
presented later in this article proves to 
be correct, areas that overlie the Min- 
ford silt may someday be sought out 
by representatives of industries or 
municipalities that are looking for sites 
to develop wells. The aforementioned 
hypothesis stems from recent discover- 
ies made in the course of a USGS 
water resources investigation (7) in 


Publication of this article has been au- 


Madison County, Ohio, made in co- 
operation with the Division of Water, 
Ohio Department of Natural Resources. 

The newly acquired evidence points 
to the possibility that the Minford silt 
may, under certain conditions, signifi- 
cantly reduce the hardness of ground 
water in a limestone terrane. If this 
is true, it may point the way to sub- 
stantial future savings in water treat- 
ment costs, if wells are so located as 
to take advantage of this natural sof- 
tening process. 

The Minford silt is a finely lami- 
nated clay, laid down in the valleys 
of north-flowing streams when these 
streams were dammed by an early gla- 
cier (2). The clay minerals in the 
Minford silt consist of well crystallized 
illite and chlorite (3). According to 
Grim (4), these minerals have signifi- 
cant ion-exchange capacity. Ion ex- 
change, however, does not account for 
all the chemical changes believed to 
take place in the ground water in 
Madison County. 


Natural Softening 


Evidence of natural water softening, 
thought to be produced by the Minford 
silt, and an illustration of the resultant 
saving in the cost of treatment, are 
found at London, the county seat of 
Madison County, about midway be- 
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tween Columbus and Dayton. At 
London, a sand and gravel aquifer 
overlying the Minford silt yields water 
significantly softer than water from 
both a shallower aquifer and a deeper 
aquifer in the same area. London and 
the nearby London Prison Farm are 
near the axis of the buried preglacial 
Teays Valley, whose course passes in 
a wide arc to the east, north, and west 
of the city. Both the town and the 
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and gravel aquifer. Water in the first 
wells drilled into the lower aquifer 
at London rose to a height of 20 ft 
above ground level, showing that the 
head, if it originates in the limestone, 
is high enough to cause a considerable 
quantity of water to flow upward 
through the Minford silt. As the 
water comes in contact with the Min- 
ford silt, its hardness evidently is 
reduced. 
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Generalized Geologic Cross Section at London, Ohio 


The flow of ground water (indicated by arrows) takes place from a permeable zone 
in the limestone, through the Minford silt, and into the lower sand and gravel aquifer. 


prison farm get their water supplies 
from wells drilled into two sand and 
gravel aquifers, the lower of which lies 
directly on the Minford silt and is be- 
lieved to receive recharge principally 
from the limestone beds on the flanks 
of the buried Teays Valley (7). As 
shown in Fig. 1, water moving from 
permeable zones in the limestone is be- 
lieved to pass upward through the 
Minford silt into the overlying sand 


Comparative Analyses 


Effects of Minford silt on the com- 
position of ground water are shown 
in Table 1, in which the chemical qual- 
ity of water in the lower aquifer may 
be compared with that of water in the 
upper sand and gravel aquifer and that 
typical of the underlying limestone at 
the nearby villages of South Solon and 
West Jefferson. The results of the 
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analyses show that the hardness of the 
water in the lower sand and gravel 
aquifer averages about 75 ppm less 
than that of the water from the upper 
aquifer and about 140 ppm less than 
that of water from the nearby wells in 
limestone. If the lower hardness of 
the water in the lower sand and gravel 
aquifer is produced by contact with 
the Minford silt, the chemistry in- 
volved in this natural treatment proc- 
ess must be rather complex, as shown 
by differences in both cationic and 
anionic constituents and in dissolved 
solids. 

In efforts to learn more about the 
chemistry of this hypothetical natural 
softening process, a sample of the Min- 
ford silt was obtained from southern 
Ohio and saturated with water taken 
from a limestone well at the nearby 
village of Plain City. Analyses of the 
water before and after it was in contact 
with the Minford silt are given in 


Table 2. 


Conclusions 


Results of the analyses seem to sup- 
port the hypothesis of natural soften- 
ing by the Minford silt, in that the 
hardness of the limestone water was 
reduced by 68 ppm during contact with 
the Minford silt. Changes in some 
other constituents, however, are not 
similar to those believed to take place 
in nature. For example, the sulfate 
content of the limestone water showed 
an increase after contact with the silt, 
whereas water from the lower aquifer 
at London contains notably less sul- 
fate than water from nearby limestone 
wells. The same is true of calcium, 
which also increased slightly in the 
laboratory tests. Doubtless, some of 
the anomalous chemical changes are 
attributable to differences between 
laboratory and field conditions. The 
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sample of Minford silt was from a 
weathered exposure, and undoubtedly 
was chemically different from the 
buried clay at London. Laboratory 
conditions of temperature, pressure, 


TABLE 2 


Effect of Addition of Minford Silt to Water 
From Silurian Limestone,* Plain City, 
Ohio, Sep. 17, 1958 


| How Analyzed 


Item 
‘ | After 
| As Collected | Addition of 
Minford Silt 


pH ; 7.8 

Color 40 

Specific conductance 
umhos 


1,000 1,070 


Concentration—ppm 


SiO. 13 14 
Fe 0.04 0.13 
Mn 0.04 0.08 
Ca 122 124 
Meg 58 47 
Sr 32 8.8 
Na 19 55 
K 3. 6.8 
Bicarbonate (as 
HCO.) 433 414 
CO, 3 0 
SO, 246 276 
Chloride (as Cl) 11 14 
Fluoride (as F) 1.0 
NO; | 0.1 
Dissolved solids | 
Total | 719 
Residuet | 696 
Hardness (as Cal9;)| 
Ca, Mg, and Si 
Noncarbonate 


581 
226 
* 400 ft deep. 

+ After evaporation at 180°C. 


$500 g was added to 3 liters of sample, which was 
then stirred for 2 days and filtered 


time, and mode of contact between the 
Minford silt and the limestone water 
clearly were different from conditions 
in nature. 
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More data, some collected in other 
areas where geologic conditions are 
similar to those at London, obviously 
are needed to define clearly any effects 
on water quality produced by the Min- 
ford silt. London water utility offi- 
cials, who are concerned with the cost 
of treating nearly 0.5 mgd, can attest 
to the potential value of such an inves- 
tigation. At London the difference in 
treatment cost between water from the 
upper aquifer and water from the 
lower sand and gravel aquifer could 
amount to as much as $11,000 per 
year. The difference in treatment cost 
between this water and water from the 
underlying limestone could be even 
higher. This estimate is based on fig- 
ures given by Larson (5), who stated 
that the cost of softening water by 
municipalities typically ranges from 27 
cents per 1,000 gal, for water having 
a hardness of 340 ppm, to 20 cents per 
1,000 gal for water having a hardness 
of 250 ppm. The difference in cost 
represents a rate of nearly 8 cents per 
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1,000 gal for each 100 ppm of hardness 
in the indicated range. 

It is evident that much money can 
be saved by taking advantage of such 
natural softening as is believed to occur 
at London. The potential saving is 


enough to justify the cost of collecting 
additional data to determine whether 
the Minford silt does indeed act as an 
important natural softening agent. 
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ices; Charles Dinkel, Staff Engr.; and Steve Corwin, Staff Engr., 
all of E. F. Drew & Co., New York. 


ODIUM nitrite has been used for 

many years to inhibit corrosion of 
metals by water. In functioning as an 
anodic inhibitor, sodium nitrite oxi- 
dizes ferrous ions to ferric ions at iron 
and steel surfaces to produce a very 
thin adherent film of ferric oxide on 
anodic areas (1, 2). Use of an in- 
sufficient concentration of the inhibitor 
or use of a water having too low a pH 
can cause corrosion to occur only 
locally (1). If present in a sufficient 
concentration, sodium nitrite is an ef- 
ficient corrosion inhibitor; if present 
in an insufficient concentration, it in- 
hibits only the most dangerous corro- 
sion (3). 

The use of zinc salts in small con- 
centrations in water for preventing 
corrosion of metals was discussed by 
Thornhill in 1945 (4). Evans (3) 
has classified zinc sulfate as a cathodic 
corrosion inhibitor. Wyllie and Chees- 
man (5) reported that the addition of 
0.05 per cent sodium hexametaphos- 
phate and 5 per cent sodium nitrite to 
sea water gave a high degree of pro- 
tection against the corrosion of steel 
and that the addition of 0.01-0.02 per 
cent of sodium hexametaphosphate to 
mixtures of 3 per cent sodium nitrite 
and 1-2 per cent zinc acetate having a 
pH of 6.2-6.7 gave complete protec- 
tion, but slight precipitation took place. 


Nature of Tests 


Experiences with sodium nitrite and 
a combination of sodium nitrite, zinc 
sulfate, and polyphosphate as corrosion 
inhibitors for an open, circulating 
cooling-water system are discussed in 
the paragraphs that follow. The re- 
sults of tests made for evaluation of 
these inhibitors are reported. The 
tests were designed to determine the 
degree of protection provided by the 
inhibitors. 

The data were obtained from a study 
of coupon corrosion test specimens ex- 
posed in the cooling-water system 
when only sodium nitrite was used as 
an inhibitor and when a combination 
of sodium nitrite, zinc sulfate, and 
polyphosphate was used. 

The authors realize that the corro- 
sion data obtained from the exposed 
corrosion test specimens are not neces- 
sarily a true measure of the rate of cor- 
rosion of the component metal parts of 
the system and that limitations must 
consequently be imposed on the inter- 
pretation of the corrosion test data. 
The corrosion data obtained from the 
exposed corrosion test specimens may 
nevertheless be considered indications 
of the type and severity of corrosion 
in the equipment. 

The cooling tower used in these ex- 
periments is a natural-draft tower in 
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which water is used in air compres 
sors and coolers. The circulation rate 
for cooling water is 450 gpm. The 
temperature of cooling water leaving 
the tower basin is 50°F in winter and 
90°F in summer; cooling water re- 
turning to the tower has temperatures 
of 62° and 102°F in winter and sum- 
mer, respectively. 
based on the rate of circulation of the 


Evaporation loss, 
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by evaporation, windage, leakage, and 
bleedoff is 7.6 gpm. 


Cooling System 


The cooling system consists of car- 
bon steel piping, brass valves, and cool- 
ers having copper tubes and carbon 
steel tube sheets. Prior to 1956, fre- 
quent and costly replacements of piping 
and fittings and extensive maintenance 


ABLE 1 
Typical Analyses of Makeup and Treated and Untreated Cooling Waters 


| 
| 


Makeup 
Item 


(pH 6.6) 


Total alkalinity as CaCO; 
Total hardness as CaCO; 
Ca Hardness as CaCO; 
Mg hardness as CaCO, 
Chloride as Cl 
Sulfate as SO, 
Silica as SiO» 
Dissolved solids 
No inhibitors 
With inhibitors 
lotal sodium nitrite and sodium 
nitrate as NaO, 
Sodium nitrite as NaOz 
Total phosphate as PO, 
Polyphosphate as PO, 
Zine as Zn 


cooling water, is 1.2 per cent, and 
windage, or drift loss, is 0.5 per cent. 

Bleedoff takes place intermittently 
once a week. Windage or drift loss 
limits the cycles of concentration of 
makeup water to as few as 34, whereas 
as many as ten cycles could be allowed. 

The water capacity of the system is 


22,000 gal. 


water required to replace losses caused 


The amount of makeup 


Water Type 


Cooling, With 

NaNO», ZnSO,, 

and Polyphos 
phate 


Cooling Cooling 
Untreated With NaNO 


(pH 6.7 pH 7.5 pH 6.5) 


Concentration—ppm 


36 
180 
117 


63 


were required because of severe gen- 
eral and Corro- 
sion products, transported to relatively 
slow circulating locations, formed some 
troublesome deposits. Objectionable 


localized corrosion. 


growths of algae were present in the 
cooling tower. 


Treatment of Cooling Water 


Sodium __ pentachlorophenate 
slug fed as a regular treatment to 


was 
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introduce 40 ppm in the cooling water 
at the time of feeding, and a quater- 
nary ammonium compound was peri- 
odically slug fed as a supplement to 
introduce 6 ppm in the cooling water 
at the time of feeding to rid the system 
of algae and prevent any future 
growths. From October 1956 to Sep- 
tember 1957, a solution of sodium ni- 
trite was gravity fed to the system in 
a sufficient amount to maintain the 
concentration of sodium nitrite as 
NaNO, at approximately 1,000 ppm. 
From October 1957 to May 1958, 
solutions of sodium nitrite and a com- 
bination of zinc sulfate and polyphos- 
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nating the drinking water with the 
cooling water. 

Typical analyses of makeup water, 
untreated cooling water, cooling water 
treated with sodium nitrite, and cool- 
ing water treated with a combina- 
tion of sodium nitrite, zinc sulfate, 
and polyphosphate are outlined in 
Table 1. 


Corrosion Tests 


run with 
steel cou- 
and pre- 
weighing, 
from the 


Corrosion _ tests 
4x 1X 7-in. low 
pons which were cleaned 
weighed. Prior to initial 
surface dust was removed 


were 
carbon 


E 2 


Corrosion Test Data, January—A pril 1957 


Exposure 
Time 
days 


Coupon Installation Removal 
No. Date Date 


Feb. 35 
Mar. ! 60 
Apr. | 90 


121 Jan. ! 


119 | Jan. ¢ 
126 Jan. : 


phate were gravity fed to the system 
in sufficient amounts to maintain the 
concentration of sodium nitrite as 
NaNO, at approximately 300 ppm and 
the concentrations of zinc as Zn** and 
polyphosphate as PO, at approxi- 
mately 20 ppm. More of each of the 
inhibitors was required at first to main- 
tain the desired concentrations; the 
amount needed leveled off with time. 

Because the blowdown (bleedoff ) 
water from the cooling system con- 
tained toxic constituents, a check was 
made to make sure that the waste 
water was discharged into a waste dis- 
posal line. It was also necessary to 
ascertain that there were no cross con- 
nections between the cooling system 
and the drinking water supply in order 
to prevent any possibility of contami- 


Initial Final fei | 
Weight Weight 08s | 
g g in. 


Corrosion 
Rate 
gr X 1,000 


30.1331 
30.1523 
30.0402 


29.7569 ua 5.15 
29.5673 .585 5.6 
28.7875 3 


specimens and they were degreased in 
acetone and ethyl ether. 

Series of corrosion tests were run 
with sodium nitrite as an inhibitor and 
with a combination of sodium nitrite, 
zinc sulfate, and polyphosphate as 
an inhibitor. Specimens were sus- 
pended in the basin of the cooling 
tower close to the suction line to the 
circulating pump. This site was 
chosen because it felt that the 
water moved more rapidly there than 
at any other location in the tower 
basin. Coupons were removed in pairs 
at successive intervals during the test 
periods for study and_ evaluation. 
After exposure the specimens were 


was 


processed and evaluated as follows: 
1. Examination with a 
hand lens. 


was made 
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2. The specimens were photo- Water Analyses 
graphed. 

3. The specimens were cleaned with 
dilute inhibited acetic acid according 
to the procedure outlined in ASTM 


The average pH value of untreated 
cooling water was 6.7, and the approxi- 
mate Langelier saturation pH value 
D935-49 (6), then dried and weighed. WS 8.5 at 50°F, 7.9 at 100°F, and 


4. Visual and microscopic examina- 7-4 at 150°F. The cooling water 
tions were made. therefore had a corrosive tendency as 


5. Corrosion data were calculated. it passed through the piping and equip- 














a = > hs ~ A 


Fig. 1. Appearance of Test Coupons After Various Exposure Conditions 


The coupons shown in the upper photographs were exposed to sodium nitrite alone for 

60 days (left pair) and 90 days (right pair); those in the lower photographs were 

exposed to nitrite, zinc sulfate, and polyphosphate for 60 days (left pair) and 90 
days (right pair). 
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ment of the system. This tendency 
was frequently increased by airborne 
acidic matter from boiler stack gases 
entering the cooling tower. The pH 
value dropped to a low of 6.2 and fluc- 
tuated in the range 6.2-7.8. This ac- 
counts for the less than expected alka- 
linity and more than expected sulfate 
in the cooling water. Because the pH 
value averaged approximately 7.0, a 
decision was made not to practice pH 
control. 

The analyses indicate that a certain 
amount of conversion of nitrite to ni- 
trate occurred. It is beyond the scope 
of this article to explain the mechanism 
of the conversion reaction. Wyllie 
and Cheesman (5) reported that the 
concentration of nitrite in solutions 
used as inhibitors does not show any 
measurable change and that only slight 
changes in the nitrite-nitrate ratio can 
be detected. They further reported, 
however, that under some circum- 
stances nitrites may undergo changes 
in the presence of iron hydroxide and 
yield ammonia, nitrogen, or even 
nitrates. 

The test specimens were not in- 
stalled until the concentration of the 
inhibitors had been adjusted. Of par- 
ticular interest was that before the 
addition of the inhibitors the cooling 
water had a turbid appearance and a 
dirty color; shortly after the addition 
of the inhibitors, the turbidity de- 
creased and the color almost dis- 
appeared. An analysis of the sus- 
pended matter showed it to be pre- 
dominantly iron oxides. 

Slightly higher dosages of the in- 
hibitors were needed initially to main- 
tain the desired concentrations. This 
is characteristic of the type of corro- 
sion inhibitors used, and is thought to 
be due to initial film formation. 

Because sodium nitrite performs best 
as a corrosion inhibitor at pH values 
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higher than 7 and a combination of zinc 
sulfate and polyphosphate performs 
best at pH values of less than 7, it is 
the authors’ opinion that when the pH 
value of cooling water fluctuates 
through a relatively wide range, for 
example, 6.0-8.0, a proper combina- 
tion of all the above inhibitors would 
be ideal for corrosion control. 


Results of Tests 


Table 2 shows data obtained during 
a 90-day test period when sodium ni- 
trite only was used as a corrosion 
inhibitor. 


8 0.30 


% 0.25 


= 0.20 


mn 


oOo 
~ 
uw 


oO 


Corrosion Rate 
°o 
° 
uo 


Feb Apr. 
1958 


Effect of Treatment With Zinc, 
Polyphosphate, and Nitrite 


Pig. 2. 


The quantities of inhibitors used were: 
zinc as Zn, 20 ppm; polyphosphate as 
PO., 20 ppm; nitrite as NaNO., 300 


ppm. As can be seen, the addition of 
these inhibitors reduced the corrosion 
rate and held it at a nearly constant level. 


The data indicate that sodium nitrite 
alone held the rate of corrosion to a 
value of near or slightly higher than 5 
expressed as inches per year times 
1,000. Examination of the cleaned 
specimens showed that the corrosion 
occurred as localized corrosion. Fig- 
ure 1 shows photographs of specimens 
after 60 and 90 days’ exposure. 

It was the authors’ opinion that if 
steps could be taken to halt localized 
corrosion, very good protection against 
corrosion would be cbtained. One 
procedure considered was to increase 
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the concentration of the inhibitor; an- 
other was to decrease the concentration 
of the inhibitor and use complementary 
inhibitors, with the expectation that 
the action of the inhibitors would be 
synergistic. The latter course of ac- 
tion was taken. 

The curve in Fig. 2 indicates that 
when a combination of sodium nitrite, 
zinc sulfate, and polyphosphate was 
used as an inhibitor, corrosion was 
halted and held to a negligible rate. 
After 90 days’ exposure in the system, 
the specimens had the same appear- 
ance as they had before exposure. 
The point data from which the curve 
was established are shown in Table 3. 
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low, a high rate of localized corrosion 
can occur. 

Zinc sulfate and polyphosphate per- 
form synergistically with sodium ni- 
trite as corrosion inhibitors to halt 
corrosion almost completely right from 
the start. The action of zinc sulfate 
and polyphosphate in helping the so- 
dium nitrite permits the use of reduced 
concentrations of sodium nitrite. 


Acknowledgments 


The authors wish to extend thanks 
to A. N. Wilson (chief district engi- 
neer), C. F. Verrone (district engi- 
neer), and R. C. Putnam (director of 
research), all of the Power Chemicals 


TABLE 3 
Corrosion Test Data, January-March 1958 


| 
Coupon | Installation Removal — 
No. | ate Date =a 


205 
206 
207 
208 


Jan. 15 Jan. 
Jan. 15 Feb. 
Jan. 15 Mar. 
Jan. 15 Apr. 


The relationship used in calculating 
the rate of corrosion is: 
Ws 
WW, 


in which C is the corrosion rate (in 
inches penetrated per year) ; ¢t, is the 
initial thickness of the coupon (in 
inches) ; w, is the initial weight of the 
coupon (in grams) ; and w, is the final 
weight of the coupon (in grams). 


t 365 
C 1X 


2 X days exposure 


Conclusions 


Corrosion of steel specimens by cool- 
ing water can be inhibited through the 
use of sodium nitrite. If, however, a 
sufficient concentration of sodium ni- 
trite is not maintained, or if the pH 
value of the cooling water becomes too 


Initial Weight Corrosion 
Weight Weight 


g | g g 


" lin. yr 1,000 
24.9195 
23.8985 
24.0500 
23.3028 


24.9103 
23.8883 
24.0164 
23.2700 


0.22 
0.16 
0.19 
0.13 


0.0112 
0.0336 
0.0328 


0.0092 | 


Division of E. F. Drew & Co., for their 
assistance in collecting data. 
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ORROSION affects both the pub- 
lic relations and the operating and 
maintenance expenses of water utili- 
ties, because each breakdown in the 
water system due to corrosion not only 
affects service to the customer but also 
requires costly repairs. Therefore, the 
corrosion engineer plays an important 
role in water supply and treatment. 
The water system of a large city may 
consist of: reservoirs located at some 
distance from the city; miles of trans- 
mission mains ; filtration plants ; pump- 
ing plants; distribution reservoirs ; dis- 
tribution systems; and service lines to 
the customer. Each of these elements 
may be affected by corrosion and 
therefore must be protected. 

Corrosion occurs on pipe exteriors 
for various reasons, among them ad- 
verse soil conditions and electrical cur- 
rents. The insides of pipes become 
corroded as a result of aggressive 
water. The variety of metals and 
soils encountered in an average water 
system compounds the problems of 
corrosion. 

The San Diego, Calif., water system 
is currently carrying out a multimillion- 
dollar program to replace cast-iron 
pipelines. The program was largely 
necessitated by a combination of the 
inadequacy of the city’s unlined pipes 
and the effects of aggressive water and 
unusually corrosive soils. The cost of 
this program is just a portion of the 


estimated five to six billion dollars 
needed annually in the United States 
to repair the damage from corrosion. 
San Diego’s program involves the re- 
placement of approximately 600,000- 
700,000 ft of cast-iron pipelines that 
have reached the end of their useful- 
ness long before anticipated. 


Corrosion Experience 


San Diego first became concerned 
about water pipe corrosion in 1927, 
when an excessive number of leaks on 
a 28-in. riveted steel pipeline necessi- 
tated the reconditioning of several sec- 
tions of the line. Most of the leaks 
were caused by exterior corrosion in 
the line, which had been constructed 
in 1914 at a cost of approximately 
$220,000. The number of leaks con- 
tinued to increase until 1939, at which 
time a consulting engineer was em- 
ployed to review the problem and rec- 
ommend possible solutions. As a re- 
sult of his study, ten cathodic-protec- 
tion stations were installed by the city 
in 1941. Following this installation, 
the frequency of leaks declined rapidly. 

Difficulty had also been experienced 
with a dipped and wrapped 36-in. steel 
line constructed under approximately 
10 ft of adobe backfill in paved streets. 
The first cathodic-protection station on 
this line was installed in 1937 and con- 
sisted of vertical anodes of scrap pipe 
and a rectifier. The anodes were filled 
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periodically with brine solution to in- 
crease their rate of electrical current 
transfer. It was suggested at the time 
that many of the city’s corrosion prob- 
lems were aggravated by the extensive 
use of water pipes for the grounding 
of electrical services. 

At the time of the first installations 
of cathodic-protection stations, the city 
was relatively small, and the stations 
were placed on transmission mains in 
remote areas. With the rapid growth 
of the city, many new homes were 
built in these areas adjacent to the 
anodes of the cathodic protection sta- 
tions. As a result, two problems oc- 
curred: severe corrosion of piping in 
the new homes and reduced protection 
of transmission pipelines. 

In San Diego’s present distribution 
system, which consists of approxi- 
mately 1,200 mi of lines, approximately 
400 breaks a year occur in the cast-iron 
mains. Most of these can be directly 
attributed to corrosion. 


Tanks and Standpipes 


The first cathodic protection used 
on steel tanks and standpipes consisted 
of graphite anodes connected to recti- 
fiers. Difficulty was experienced in 
retaining the anodes on the support 
wires, which often disintegrated and 
fell to the bottom of the tank. The use 
of platinum wire did not improve the 
situation. At the present time, the 
city uses magnesium anodes suspended 
from the tank roofs. 


Services 

Early service installations consisted 
of lead and galvanized-iron pipe. Se- 
vere corrosion on the outside of the 
galvanized-iron pipe, as well as tuber- 
culation inside, made it necessary to 
change to copper for all service instal- 
lations. The use of copper eliminated 
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corrosion of the service pipe but ac- 
celerated the corrosion of the adja- 
cent cast-iron mains. 


Grounding 


Alternate-current grounding of elec- 
trical services is believed to be another 
cause of corrosion in the system. The 
water department has always cooper- 
ated with the electrical-power utilities 
and permitted such grounding. Where 
excessive current flows are noted, steps 
are taken to insulate the service on 
the customer side of the meter. 


Gate Valves and Meters 


Many millions of dollars have been 
invested in valves and meters through- 
out the system. Here again, corrosion 
has taken its toll, for inspection shows 
that many of the valves no longer close 
and many meter replacements are re- 
quired because of corrosion within the 
chamber. Defective meters result in a 
loss of water department revenue and 
inconveniences to the customer. 


Filtration 

San Diego presently operates three 
filtration plants and expects to start 
construction on a fourth. Two of the 
plants use pressure filters, which have 
been severely affected by corrosion. 
Cathodic-protection stations have been 
installed on these filter systems but 
have critically affected their operation. 
Insufficient current does not properly 
protect the pipe and shells; oversupply 
of current has resulted in the cement- 
ing of the underdrains and sand owing 
to the precipitation of calcium from the 
water. 


Other Agencies Affected 


The water system is not the only city 
service that is affected by corrosion. 
The San Diego Corrosion Control Sec- 
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tion is often asked to assist other de- 
partments with special facilities such 
as sewage treatment plants, swimming 
pools, and fire boats. Many industrial 
customers also request and receive ad- 
vice regarding corrosion problems. 


Current Program 


After many years of experience, 
firm policies have been developed re- 
garding the method of corrosion con- 
trol and the personnel needed to do 
the job. Each corrosion problem re- 
quires thorough analysis and periodic 
review of existing installations. And 
because corrosion is a continuous prob- 
lem, the city maintains a small group 
charged specifically with this program. 

The manner in which the problem 
was handled at the 66-mgd Alvarado 
Filtration Plant is an example of what 
should not be done. Approximately 
a year after the plant was placed in 
operation in 1950, severe corrosion was 
noted on several of the shafts in the 
mixing and settling basins. Cathodic 
protection was installed by inexperi- 
enced personnel, at a cost of about 
$17,000, with no improvement of con- 
ditions. Following another survey and 
design by experienced personnel, a sec- 
ond protection system was installed in 
1953, and it has operated satisfactorily 
ever since. Frequent inspections made 
of all facilities have shown the metallic 
parts to be free from further corrosion. 


Methods and Equipment 


The San Diego system now has 51 


cathodic-protection stations installed 
adjacent to transmission mains and 
filtration plants, and in steel tanks and 
standpipes. The average cost of an 
installation for pipeline protection has 
been approximately $3,000; the instal- 
lations in the tanks and standpipes 
have averaged $500 each. Protection 
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is obtained by the use of either galvanic 
anodes or external power sources. 
Rectifier stations are inspected semi- 
monthly, and routine potential readings 
are made over the protected facilities 
semiannually. Insulators are used to 
separate dissimilar metals and to break 
up possible long-line currents in metal- 
lic lines, whether or not they are con- 
crete coated. Rubber rings and other 
types of flexible nonmetallic couplings 
are used for cast-iron piping to reduce 
current transmission. Where alternat- 
ing currents along household service 
piping remain greater than 1 amp, 
insulated couplings are installed on the 
customer side of the water meter. 
This minimizes current flow in the 
service piping to the main. 

In areas of high soil conductivity, 
a polyvinyl chloride tape is wrapped 
around the service piping adjacent to 
the cast-iron main, in order to reduce 
corrosion of the main. Asbestos- 
cement distribution pipe is used where 
stray-current damage is high and can- 
not otherwise be reduced. Sections of 
asbestos-cement pipe or insulated cou- 
plings are installed in metallic mains 
at frequent intervals to reduce the 
transmission of stray currents. 

All plans for the construction of 
water facilities are reviewed by a 
corrosion engineer who determines 
the possible corrosion problem and 
recommends corrosion control proce- 
dure for the new construction. 

Corrosion control problems have 
been discussed with field men and de- 
sign engineers to acquaint them with 
the factors that tend to create excessive 
corrosion. All water department per- 
sonnel are instructed to report unusual 
conditions for further review by the 
corrosion control section. This section 
consists of four men. It has an annual 
budget of approximately $30,000, ex- 
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clusive of funds allocated for the in- 
stallation of cathodic protection. The 
corrosion control section works di- 
rectly under the laboratory super- 
intendent, who is also charged with 
the operation of the water and sewage 
laboratories. It is thus possible to co- 
ordinate corrosion control in the field 
with the water treatment process at 
the filtration plants. With proper 
treatment of a normally aggressive 
water, it is possible to reduce the cor- 
rosion problem by maintaining proper 
calcium carbonate stability, so that the 
water tends neither to pick up nor to 
deposit calcium. By maintaining a 
relatively high pH (8.8-9.0), the in- 
ternal corrosion previously experi- 
enced has been minimized. 


Qualifications of Corrosion Engi- 
neers 
The field of corrosion prevention is 
a relatively new one, with many factors 
still to be considered. Because of the 


great variety of corrosion problems and 
variations in the size and complexity 
of systems to be protected, no hard and 
fast requirements for a corrosion engi- 


neer can be set down. An organiza- 
tion planning a program of corrosion 
control should carefully consider its 
specific types of problems and select 
its personnel accordingly. 

In general, the corrosion engineer 
in charge should have a very broad 
education and a high degree of training 
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in such fields as physics, chemistry, 
and metallurgy. Preferably, he should 
have a college degree in one or more of 
these or related fields. He should be 
versatile and have the ability to recog- 
nize and deal with a diversity of prob- 
lems relating to causes and prevention 
of corrosion, chemistry, electrical the- 
ory and practical installations, metal- 
lurgy, piping and plumbing, 
paints, and coatings. 

He should be able to get along with 
and talk the language of his employers, 
employees under his supervision, con- 
sulting experts, and laymen. Being 
able to speak effectively in public and 
to teach his assistants are valuable 
assets for a corrosion engineer. He 
should have an inquisitive and open 
mind, constantly on the alert to recog- 
nize and deal with new and unusual 
problems and to make use of improved 
methods. In a large organization, ad- 
ministrative ability is of recognized 
importance. 


soils, 


Summary 


An effective corrosion control pro- 
gram can greatly reduce operating 
costs and improve the level of service 
to the customer. The corrosion engi- 
neer plays an important part on the 
water supply team, both in an advisory 
capacity to water utility management 
and in a line capacity of operation and 
maintenance of the cathodic-protection 
stations. 
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NE of the chief advantages of 

chlorination, when compared to 
most methods of disinfection, is that 
its effectiveness can be determined. 
When the presence of residual chlorine 
in water can be demonstrated, the ef- 
fectiveness of chlorination is definitely 
insured, and continues as long as the 
residual is present. Soon after the 
practice of water chlorination was 
started about 50 years ago, it was dis- 
covered that a control was necessary 
to insure disinfection. The method of 
control devised was the addition of 
enough chlorine to water to bring 
about the residual effect. A few years 
later, water utility engineers became 
aware that residual chlorine could 
actually be a complex of several com- 
pounds, a fact that became generally 
known after the advent of free residual 
chlorination and the development of 
techniques for differentiating the vari- 
ous residuals. 

All chlorine residuals have in com- 
mon the ability to kill bacteria and 
enter into oxidation reactions. The 
amount of the residual required, the 
time of reaction, the optimum pH, and 
the practical application of each resid- 
ual vary so greatly that the proper use 
of a residual can be made only after 
careful consideration of its capabilities 
and limitations. 


Residual Chlorine Compounds 


The different chlorine compounds 
that may be found as residual chlorine 


in water are: [1] hypochlorite ion 
(-OC1), [2] hypochlorous acid( HOC1), 
[3] monochloramine (NH,Cl), [4] 
dichloramine (NHCI,), [5] nitrogen 
trichloride (NCI,), [6] organic com- 
pounds containing chlorine, and [7] 
chlorine dioxide (CIO,). Residuals 
consisting of the first two are called 
free available chlorine residuals. The 
goal of free residual chlorination is to 
produce and maintain this type of re- 
sidual. The next four are known col- 
lectively as chloramines. Combined 
residual chlorination is the result of 
the formation of chloramines from the 
combination of chlorine and ammonia, 
when naturally present in, or when 
added to, water. The principal amines 
are mono- and dichloramine. Nitro- 
gen trichloride is never formed in 
any appreciable amounts during water 
treatment, although its strong, pene- 
trating odor may cause one to believe 
that large amounts are present. It is 
most likely to occur in free residual 
chlorination. 

The organic chlorine compounds and 
nitrogen trichloride might be classed as 
“nuisance” residuals. The organic 
compounds are of little value because 
their capacity for oxidation is very low 
in comparison to the other forms of 
residual chlorine. Still, they react in 
the tests for residual chlorine as com- 
bined chlorine. They are exemplified 
by the small amount of combined chlo- 
rine residual that persists even after 
prolonged contact with free chlorine, 
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and are sometimes referred to as the 
“irreducible minimum” in free res- 


sidual chlorination. 

Chlorine dioxide, produced by com- 
bining chlorine and sodium chlorite, is 
another chlorine compound that may 
be added to water in amounts sufficient 
to produce a residual. 





100 


N 


| 
| 
i 





90 





| 
=" 








ft 





HOC! — per cent 
OCI — per cent 











Fig. 1. Relationship Between HOCl, -OCl, 


and pH 


Because of rapid disassociation, the equi- 

librium between ~OCIl and HOCI is main- 

tained, even though the latter is continu- 
ously being used up. 


pH Relationships 


Of prime importance in the consid- 
eration of free chlorine residuals is 
that pH is a factor in the ionization 
of hypochlorites to hypochlorous acid. 
Figure 1 shows the relationship be- 
tween HOC! and -OC! at various pH 
values (1). It is obvious from the 
figure that greater proportions of hypo- 
chlorous acid are found at lower pH 
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values. The disassociation rate to 
form this acid is sufficiently rapid, so 
that the equilibrium between hypo- 
chlorite ion and hypochlorous acid is 
maintained even though the latter is 
being continuously used up. For in- 
stance, if water containing 1 ppm of 
free available chlorine has introduced 
into it a reducing agent that consumes 
50 per cent of the hypochlorous acid, 
the remaining residual will redistribute 
itself between hypochlorous acid and 
hypochlorite ion, according to the 
curve in Fig. 1. The amount of hypo- 
chlorous acid present at pH values 
above 10 is so slight that disinfection 
is seriously impaired. 

If an amount of ammonia nitrogen 
equal to or in excess of that necessary 
to combine with chlorine is present or 
added to the water, chloramines will be 
formed subsequent to chlorination. If 
less than that amount is present, the 
reactions of free residual chlorination 
will occur, and the ammonia will be 
destroyed. 

Mono- and dichloramines are usu- 
ally considered together because there 
is little control over which will be 
formed. The amounts of each are gov- 
erned primarily by the pH. Fair and 
colleagues (2) have reported on the 
distribution of mono- and dichloramine 
at various pH values. Figure 2 is a 
plot of these data. Note that greater 
proportions of dichloramine appear at 
lower pH values. These calculations 
are based on a weight ratio of 5:1 
between chlorine and ammonia nitro- 
gen. More than 3 hr is required for 
the reaction between chlorine and 
ammonia at pH 5, about 1 min at pH 
8.3, and 50 min at pH 11, according 
to Fair’s report. 

Although it is generally thought that 
dichloramine is a stronger oxidant than 
monochloramine, it is nevertheless true 
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that monochloramine is effective as a 
disinfectant at pH values greater than 
10. It will also release iodine from 
potassium iodide at pH 7 ; dichloramine 
will not. Very little has been reported 
on the comparable characteristics of 
these two compounds. Dichloramine is 
largely responsible for the chlorinous 
taste associated with chlorination. 
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Fig. 2. Relationship Between NH,Cl, 
NHCl1, and pH 


These relationships are based on a weight 
ratio of 5:1 between chlorine and am- 
monia nitrogen. 


It has been noted that in pH adjust- 
ment following water treatment, some 
of the combined residual is frequently 


lost. It has also been noted that mono- 
chloramine is nearly always found in 
greater amounts than dichloramine, 
and in far greater amounts than indi- 
cated in Fig. 2. To check these two 
points, the following procedure was 
set up: 

Tap water was treated with chlorine 
to remove the ammonia and leave a 
free available chlorine residual of 1.4 
ppm at pH 7. Ammonia was added 
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in the ratio of one part ammonia nitro- 
gen to four parts residual chlorine. 
This procedure was intended to dupli- 
cate the effect for a utility practicing 
free residual chlorination followed by 
ammonia treatment to convert the re- 
sidual to combined chlorine before the 
water is pumped to the distribution 
system. Immediately after the addi- 
tion of ammonia, the pH was adjusted 
in portions of the water to values from 
4 to 12, in order to study the effect of 
pH adjustment. These values exceed 
the range that would normally be en- 
countered. At intervals, the amounts 
of mono- and dichloramines were de- 
termined by amperometric titration. 
Figure 3a shows the amount of each 
and the total residual after 30 min. 
Note that little of the total residual is 
lost at pH values less than 7, but that 
the loss at higher values is appreciable. 
Little dichloramine was found, but in 
view of the rates of formation cited by 
Fair and colleagues (2), little would 
be expected in 30 min. In the ampero- 
metric procedure using phenylarsene 
oxide, nitrogen trichloride would be 
expected to titrate the same as free 
chlorine. When a residual was found, 
it was assumed to be nitrogen trichlo- 
ride, and Fig. 3a was drawn to show 
it as such. It might, however, have 
been free chlorine that had not yet 
reacted with the ammonia. At any 
rate, it apparently changed predomi- 
nantly to monochloramine, because 
there was practically no loss in total 
residual or little gain in the dichlo- 
ramine portion after 1-hr contact (see 
Fig. 3b). 

Figures 3b, 3c, and 3d indicate the 
residual chlorine found in each of the 
pH-adjusted samples after 1, 2, and 
3 hr, respectively. Although the 
amount of dichloramine after 3 hr is 
still increasing slightly, it is still far 





ROBERT J. BAKER Jour. AWWA 























NH,CI — 

















1.50.75 1.0 
Residual Chiorine— ppm 

















Ht 


< +NH,Ci sated 





























1.51.0 1.25 1.5 1.75 
Residual Chlorine — pprr 


Fig. 3. Amounts of NH,Cl, NHCIl,, and Total Residual Chlorine Following Time 
Intervals After pH Adjustments 


Parts a, b, c, and d are plots of data 30 min, 1 hr, 2 hr, and 3 hr, respectively, after 

pH adjustment. For these determinations, the ratio of ammonia nitrogen to residual 

chlorine was 1:4. The data for Part e, as for Part d, were taken 3 hr after pH ad- 

justment, but with a ratio of 9:1 between ammonia nitrogen and chlorine. In Parts 

a through e, the amounts of NH:Cl are indicated on the first curve to the right of 

the arrow labeled NH.Cl. Part f shows a comparison of the total residuals plotted 
in Parts b, c, and d. 





Sep. 1959 


below the amount in proportion to 
monochloramine as shown in Fig. 2, 
even at the low end of the pH scale. 
This confirms the observation previ- 
ously stated that combined residuals 
are predominantly monochloramines, 
at least under the conditions of this 
test. 

To check the effect of very high 
doses of ammonia, another test was 
made under the same conditions, but 
with a ratio of 1:9 between chlorine 
and ammonia nitrogen. The initial 
free residual was higher, but the shape 
of the curve in Fig. 3e and the pro- 
portion of dichloramine are nearly 
identical to the 3-hr data shown in 
Fig. 3d, indicating the little effect from 
excess ammonia. 

Figure 3f shows the comparison of 
total residuals plotted in Fig. 3b, 3c, 
and 3d. The 30-min curve was the 
same as the 1-hr curve. It was noted 
that the greatest loss ocurred at high 


pH values and in the first 30 min. 
Very little loss occurred in the pH 
range 6-8. 

The last of the chlorine compounds, 
chlorine dioxide, is unstable and must 


be manufactured where it is used. 
This is usually accomplished in water 
plants by mixing solutions of sodium 
chlorite and chlorine in a_ reaction 
tower. Chlorine, in excess of that the- 
oretically needed, is used to depress 
the pH to increase the yield of chlo- 
rine dioxide. The lack of a satisfac- 
tory test for residual chlorine dioxide 
in the presence of residual chlorine has 
hindered its use in water treatment. 
In spite of the lack of a satisfactory 
test, the use of chlorine dioxide is in- 
creasing slightly because of its valuable 
properties: its oxidizing ability is 
nearly comparable to hypochlorous 
acid, yet it does not react with am- 
monia; it is a good bactericide at high 
pH values; and it will oxidize phenols 
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without the formation of chloro- 
phenols. Its chief present disadvan- 
tage is that it costs more than the other 
chlorine compounds. 


Comparison of Residual Chlorine 
Compounds 


The three forms of residual chlorine 
compounds—that is, free chlorine, 
combined chlorine, and chlorine diox- 
ide—are compared in general terms 
in water treatment as follows: 

1. Disinfection. Free chlorine is the 
most effective at most pH values, fol- 
lowed closely by chlorine dioxide. 
Combined chlorine and chlorine diox- 
ide are both more effective than free 
chlorine at pH values greater than 10. 

2. Oxidation of iron. All are satis- 
factory, except that free chlorine and 
chlorine dioxide will oxidize iron more 
rapidly than will combined chlorine. 

3. Oxidation of manganese. Only 
free chlorine and chlorine dioxide are 
effective, at least within the time avail- 
able in most water plant operations. 

4. Taste and odor removal. Be- 
cause tastes and odors are caused by 
a number of factors, the utilization of 
each residual compound for its specific 
characteristics becomes extremely im- 
portant. Combinations of two or even 
all three may be indicated in some situ- 
ations. Some taste and odor problems 
respond readily to free residual chlo- 
rination. The use of ammonia may be 
necessary in other instances to produce 
combined residuals, thereby reducing 
the oxidizing power of chlorine and 
preventing the production of chlo- 
rinated or chlorine-substituted com- 
pounds that would merely change the 
taste of water from one type to another. 

Where phenols present a problem, 
a common practice is to employ free 
residual chlorination to satisfy the 
chlorine demand of the water and ac- 
complish the objectives of chlorination, 
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followed by chlorine dioxide to remove  siduals is necessary for the most effi- 

any chlorophenols that may have been cient use of chlorine. Apparatus for 

formed. Such practice reduces the re- laboratory control and equipment for 

quirements for the more expensive accurate chlorine application are avail- 

chlorine dioxide. able to meet the requirements of any 
5. Persistence. Even when the _ program of chlorination selected. 

chlorine demand of the water has been 

satisfied, other factors affect the per- Acknowledgment 

sistence of residuals. Sunlight dissi- The author wishes to acknowledge 

pates hypochlorous acid more rapidly _ the assistance of George C. Clark, Sales 

than chloramines. Chloramines, on the Service Dept., Wallace & Tiernan Inc., 

other hand, are more easily lost by Belleville, N.J., in the laboratory work 

aeration than hypochlorous acid. Very of this investigation. 

little is known about the persistence 

of chlorine dioxide, but indications are References 


that it reverts quickly to chlorite. 1. Water Quality and Treatment. Am. 
Wtr. Wks. Assn., New York (2nd ed., 


Conclusion 1950). 
2. Farr, G. M., et At. The Behavior of 
A knowledge of the types and char- Chlorine as a Water Disinfectant. 


acteristics of the various chlorine re- Jour. AWWA, 40:1051 (Oct. 1948). 


Correction 


The article by Gerhard Klein, “Concepts in Determining Potability of Water 
After Nuclear Attack” (April 1959 JourNAL, Vol. 51, pp. 431-437), contained 
two editorial errors. On p. 435, in col. 1, Eq 1 should read 


dx 
as «= Bent 
i + Ax Be : 


and, in line 21, the reference to Eq 3 should read “Eq 1.” 
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Lhiminate SCENTS 
for © i) 


with 


_— ” 
CARBON“SQOR TASTE AND. GBOs Sonte 


You guarantee PALATABILITY for pennies per applica- 
tion when you control taste and odor forming substances 


in your plant with AQUA NUCHAR Activated Carbon. 


Every gram of AQUA NUCHAR contains 120 billion par- 
ticles of activated carbon with 800 square yards of surface 
area to trap and remove odors. That's why extremely low 
concentrations (2-5 ppm average) are fully effective. 
More than 1200 water plants have used AQUA NUCHAR 
and its universal effectiveness against taste- and odor- 
forming substances is well recognized. 

Why not let our trained field service staff help you set up 


a PALATABILITY program in your plant? Phone or 
write us today. 


indusjrial 


CHEMICAL SALES 


division west virginia pulp and paper company 


230 Park Ave., New York 17 - Philadelphia National Bank Bldg., Philadelphia 7 
35 E. Wacker Dr., Chicago 1 - 2775 S. Moreland Blvd., Cleveland 20 
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FINANCIAL 
PROTECTION 


for your most vital service 


Water . . . your community’s most important single service . . . must be 
protected by sound financing. The only sure protection is the sustained 
accuracy of your water meters. 

If a meter becomes inaccurate, it starts to give away revenue. In home 
after home, leaks and carelessness go scot-free. The warning voice of the 
meter is gradually stilled, and wanton waste soon uses up your available 
water supply. 

Worse yet, lack of proper income makes it impossible to build new 
capacity without tremendous losses. Water shortages soon become criti- 
cal. Your city’s development program soon dies . . . of thirst. 

How guard against this? Set up a good meter testing and repair pro- 
gram. Pick meters that stay accurate longer. Talk to your meter super- 
intendent . . . the man whose efforts guard your water supply. Ask which 
brand of meter consistently gives highest sustained revenue . . . with low- 
est repair and depreciation. We sincerely believe your answer will be 
“Trident.” 





NEPTUNE METER COMPANY ; ' j 
19 West 50th Street * New York 20, N. Y. 


NEPTUNE METERS, LTD. ES yi, 
1430 Lakeshore Road © Toronto 14, Ontario e A ma TRIDENT/ WATER 


Branch Offices in Principal American and Canadian Cities. METERS 











A man of quality is AWWA’s new 
secretary, Raymond J. Faust—quality 
water, quality water service, and qual- 
ity water servants being the key con- 
tent of his hope chest as he took office 
on Sep. 1, “qualities” that he will be 
seeking most in his new post. 

A quality water, Ray explains, is a 
water that is more than just safe. 
With today’s knowledge and equip- 
ment, it is no great trick to make water 
safe, but water works men ought not 
to be satisfied with just keeping their 
customers from dying. Having the 
knowledge and equipment, too, to make 
water ambrosial to the taste, foamy to 
the wash, gentle to the plumbing, and 
practically perfect to any other purpose, 
they ought to be striving to bring the 
quality of their supplies up to the very 
best in all respects. And to set some 
goals that are higher than the USPHS 
safe minimums which now provide the 
only guideposts, AWWA has a new 
committee already at work developing 
a quality water standard. 

Quality water service, of course, 
supplies a quality water—all the qual- 
ity water that customers need, when 
and where they need it—and supplies 
it efficiently, at a price that covers the 
full cost of supplying it and that does 
not discriminate against any of the 


customers. The aspects of quality in 
water service are as broad as the field 
itself and, therefore, are perhaps a little 
overwhelming as a goal, but AWWA’s 
committee on a rating scale for water 
utilities is now making great strides in 
developing a standard against which 
utilities can rate their present perform- 
ance and establish challenging, yet at- 
tainable, goals for quality service. 

And quality water servants are, nat- 
urally, those who are fully qualified 
and determined to supply quality water 
through quality water service. Al- 
though there are many such quality 
men in the field today, despite the 
inadequacy of present rewards, their 
necessity and worth must be more 
fully appreciated by the public before 
their number can be increased to that 
required to perform a quality job of 
public water supply. And on the vari- 
ous aspects of this chore, too, AWWA 
has been at work, its committees on 
compensation, education, and water 
utility advancement busy with recom- 
mending qualifications for new per- 
sonnel, providing means of upgrading 
present personnel, setting standards of 
compensation that will attract and hold 
qualified men, and developing a public 
desire for and willingness to support 
quality throughout water utility opera- 
tions. 


(Continued on page 46 P&R) 
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All this quality adds up to a con- 
siderable task, but it is a task in which 
Ray hopes all of AWWA will lend a 
vigorous hand so that quality may gain 
the status that safety now enjoys in 
somewhat less than the 50 years it 
took “safe water” to be taken for 
granted. 

In welcoming Ray to secretarihood, 
we should note that he came to AWWA 
8} years ago, since which time he has 
been serving as executive assistant sec- 
retary, specializing in working with 
Association committees on such impor- 
tant projects as the new cast-iron pipe 
standards, the safety program, the edu- 
cation manuals, and the compensation 
surveys. He arrived at AWWA from 
the Michigan Department of Health, 
which he had served for 28 years, the 
last dozen in charge of the Section on 
Water Supply. He holds both civil 


and sanitary engineering degrees from 
Penn State and is a registered profes- 
sional engineer in Michigan and New 


York. In addition to being an AWWA 
member since 1938 and a long-time 
secretary, as well as director and Fuller 
Awardee, of the Michigan Section, he 
was a cowinner of the Goodell Prize 
in 1950. He is a member of APHA, 
FSIWA, and ASCE, a diplomate of 
the American Academy of Sanitary 
Engineers and chairman of the Special- 
ties Committee of the American Sani- 
tary Engineering Intersociety Board. 
Ray and his wife, Margie (with a hard 
“g’’), who is well known to AWWA- 
‘ers from her convention attendance, 
live in Garden City, a Long Island 
suburb. They have a son, Jim, who 
is now in his second year at Hahne- 
mann Medical School in Philadelphia. 

Good luck, Ray, and remember— 
quality will sell! 


What price water?—our question 
of long standing—seems finally to be 
receiving an answer that may even be 
loud and clear enough so that the pub- 
lic will have a chance to hear. The 
answer, of course, is “priceless.” 
“Priceless Water” was the title of the 
local water utility film sponsored by 
AWWA and premiered at the San 
Francisco Conference. “Priceless Wa- 
ter” is the title of the community action 
manual developed by AWWA for use 
by the Junior Chambers of Commerce 
in promoting the film ijocally. “Price- 
less Water” is the title of a particu- 
larly well done community action guide 
and workbook on how to obtain good 
water service, prepared by Johns-Man- 
ville and also introduced at AWWA’s 
San Francisco meeting in July. And 
“Priceless Water” is the label being 
painted on elevated tanks in some of 
our communities to call respectful at- 
tention to their contents. Meanwhile, 
to establish the basis of the priceless- 
ness, the Water & Sewage Works 
Manufacturers Assn. has issued a 
folder that gives “Some Facts About 
the Industry That Has Been Called 
Our Worst Public Works Problem” 
in an attempt to eliminate the conflict- 
ing figures and terminology which have 
been confusing the public. 

Altogether these efforts constitute 
only a small start on the long and dif- 
ficult task of convincing the public 
that water really is priceless, but there 
is hope. At its San Francisco meeting 
AWWA took further steps through its 
Advancement Program to promote 
community relations activities. At San 
Francisco WSWMA embarked on a 
new public relations effort keyed to 
selling the public on “Better Living 
With Better Water Service” that is to 


(Continued on page 48 P&R) 





AMERICAN CONCRETE CYLINDER 
PIPE provides... 


DEPENDABILITY 
with ECONOMY 


This pretensioned concrete cylinder pipe 
embodies all of the qualities and charac- 
teristics sought by water works engineers 
for permanent water supply and trans- 
mission lines — strength, sustained high 
carrying capacity; trouble free service 
and unusually long life. When 

you select pressure pipe for 
your permanent water 
“growth lines; be sure to 
investigate American 
Concrete Cylinder 

Pipe, a superior 

product with an 
outstanding record 

of acceptance. 





A. The steel cylinder provides a positive water seal 
or membrane as well as part of the total steel area 
required for internal stresses. 

B. The smooth centrifugally applied mortar lining of 
a nominal %” thickness provides positive internal 
protection, sustained hydraulic capacity, and, im- 
parts rigidity and strength through “arching effect.” 


C. Steel reinforcement rods, which together with 


the steel cylinder provide the total cross-sectional 
net, steel area required for the operating pressure 
f) PIPE AND CONSTRUCTION Co. ) specified, are wound under controlled tension and 


accurate spacing around the concrete lined cylinder, 
placing it under moderate compression 


LOS ANGELES: 4635 Firestone Bivd., South Gate, Calif.— LOrain 4-2511 D. In conjunction with the steel rod reinforcement 
eens oa oe * tame tig along the entire surface of the cylinder, the ap- 

: ox 13 — CYpress 6- f plication of a dense concrete coating produces, in 
PORTLAND: 518 N.E. Columbia Blvd.— BUtler 5-2531 fect. a relafereed lacket which affords additional 
ALBUQUERQUE: P.O. Box 1782 — CHapel 7-0486 CTTOCT, & FENRTOTESE PRERET Which SITOres SeuIUONS 


PHOENIX: American Concrete Pipe Co. (Subsidiary) structural strength as well as positive exterior 
P.O. Box 12127 — Alpine 2-7566 protection. 
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work hand-in-hand with AWWA’s 
program, channeling its major efforts 
through the mass media via such in- 
struments as a television film, a syndi- 
cated cartoon feature, “‘better water 
service” releases, and a speakers bu- 
reau. Meanwhile such individual ef- 
forts as that by Johns-Manville and, 
earlier, by the Cast Iron Pipe Re- 
search Assn. will fortify the basic pro- 
gram so that one day, perhaps, price- 
less water need no longer be inadequate 
water, nor, indeed, profitless water. 
Need we suggest: “A Better Living 
With Better Water Service!” 


The price of waterlessness, mean 
while, was being assayed in two small 
communities whose water systems went 
completely dry last month as a result 
of equipment failures. First, at Line- 
ville, Iowa, population 700, failure of 
the pump in the 1,300-ft deep well on 
the city’s 5-year-old water system ap- 
parently also drained the 33,000-gal 
elevated tank and left the mains empty. 
Householders who had kept their back- 
yard pumps as ornamental were happy 
to find them still functional as well, 
while others, including business firms, 
had to haul water from wherever they 


Flanking David B. Lee (third from left), director of the Florida 

Board of Health’s Bureau of Sanitary Engineering, are the recipi- 

ents of the board’s annual awards for the best operated water 

plants in the state: Joe M. Logan (left), Pinellas County Water 

System; Al Norris, Winter Park Water Plant; J. T. Hoffman, 

Naples Water Dept; Paul Samuels, Hialeah Water Plant, Miami; 
and J. N. Hogerich, Orr Water Plant, Miami. 


(Continued on page 50 P&R) 
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ASK THE MAN WHO USES i FT 


what’s best for CHLORINATING new mains 


He knows dependability, convenience and 
economy are the three reasons why HTH Tablets 
are the modern, preferred way to chlorinate 

new mains. Containing 70% available chlorine, 
they assure quick elimination of bacteria, 


‘ HTH TABLETS 
fungi and algae. 


: are packed in 
HTH Tablets are easy to use—you simply 100-Ib. steel drums 
attach them to the inside top of every pipe. 
When the pipe is filled with water, the chlorine 
is carried to all interior surfaces of the pipe. 
Because the tablets are slow dissolving, 

they provide a long-lasting chlorine residual 
throughout the pipeline, assuring 

complete chlorination. 

For further information on this proved 
chlorination method, write today. 


and in cases of 
twelve 3%-Ib. cans. 


For your protection, 
every gerruine 

HTH TABLET is 
stamped HTH. 
OLIN MATHIESON HTH® is o trodemark 


CHEMICAL CORPORATION 
CHEMICALS DIVISION . BALTIMORE 3, MD. 
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could find it during the 2} days re- 
quired to get a new pump and put the 
system back in service. Meanwhile 
stoves and refrigerators did extra duty 
in making the emergency supplies safe 
and palatable. 

Then at Roy, N.M., population 750, 
failure of the pumps on the town’s two 
wells, located 7 mi north, was traced to 
overloading caused by the distintegra- 
tion of the mains in the 14-year-old 
system. Everyone turned to in the job 
of hauling water from the wells into 
town, and a tank truck owned by a 
highway contractor provided some re- 
lief, but the town’s two cafes and its 
hotel had to shut down and the solu- 
tion being sought was no better than 
another tank truck. The main, which 
was said to be made with “low-grade 
wartime pipe with a life expectancy of 
8 years,” could not be repaired or re- 
placed despite the availability of funds, 
as state law prevented the transferring 
of funds from surplus into water works 
accounts. 

As with most public waterlessnesses, 
these two, too, were primarily pump- 
and pipelessnesses, with perhaps more 
than a modicum of engineeringlessness 
as well. What price populationless- 
ness ? 


H. F. Cronin has retired as chief 
engineer of London’s Metropolitan 
Water Board. His successor is W. M. 
Lloyd Roberts, for many years deputy 
chief engineer. Mr. Cronin was elected 
an Honorary Member of AWWA in 
1956. 


What was good for General Mo- 
tors is now good for Esther Williams 
if marketing psychologists and motiva- 
tion researchers are correct in noting 
that the private swimming pool has 


displaced the automobile as the “status 
symbol” of our society, for Esther, 
aside from having prettier and more 
useful fins than any GM car ever, is 
president of the International Swim- 
ming Pool Corp., producers of Esther 
Williams Swimming Pools in sizes and 
prices ranging all the way from the 
Chevrolets to the Cadillacs of the back- 
yard. And with size and “extras” such 
important considerations in statusian 
symbology, a changeover at this time 
certainly seems entirely logical. After 
all, 1960 cars threaten to start a real 
trend toward smaller models with less 
power that get more miles per gallon 
and may even cost a “little” less. From 
the viewpoint of properly denoting 
class and prestige, such a trend can 
be considered no better than com- 
munistic. 

No, henceforth a man’s position must 
be judged by his pool. No pool, no 
position, we say—and no excuses 
either. After all, 200,000 families will 
have private pools by the end of this 
year, their prices and terms will be 
comparable with those of 1959 automo- 
biles, and certainly the water they use 
will cost less per gallon than gasoline. 
Space is no problem either; if there’s 
no room in the backyard, then in the 
basement or, perhaps, the “family 
room” ; one of the most luxurious we’ve 
heard of is a 7$x16x5}4-ft deep pool 
built into the trailer home of one of 
Hollywood’s bachelors. When it comes 
right down to judging, such significant 
details as length and width and depth 
and type of construction, and such ap- 
pointments as lights and diving boards 
and ladders will all be taken into con- 
sideration, and certainly quality of wa- 
ter will have to be a primary concern, 
but for real status, of course, there’ll 
be no pool like an old pool. 


(Continued on page 52 P&R) 
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DOUBLE 
SEALING 


NG SEALS 


“O” Rings, due to their simplicity and re- 
liability have been used for many years in 
military and industrial products. Smith non- 
rising stem valves are available with double 
“O” Ring seals. The lower “O” Ring (1) 
seals the internal pressure, while the upper 
“O” Ring (2) is a combined external dirt 
and reserve pressure seal. This construction 
eliminates packing, gland adjustment, and 
conventional stuffing box. All Smith 
AWWA specification valves are equipped 
with stem (thrust) collar bushings (3) and 
extra large, high strength bronze stems (4). 
These and other well known Smith superior 
design features assure positive operation, 
long service life, and minimum maintenance. 


Wi THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 
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The meter reader goeth not so far, 
perhaps, as first suggested by the vari- 
ety of electronic devices advanced to 
push him completely out of the picture 
(May P&R, p. 38). At any rate, Bad- 
ger Meter Mfg. Co. appears to have 
cut the distance to no more than half 
a mile with its new “Read-O-Matic 
Register,” which can be located up to 
that distance away from the meter to 
which it is attached. Made up of 


an enclosed electromagnetic generator, 
which is attached to the meter in much 
the same way as conventional dial reg- 
isters, and a sealed, solenoid-driven 


register counter, which is connected to 
the generator by doorbell-class wiring, 
the register system operates solely 
on energy produced by the meter. 
Through “careful selection of metallic 
and nonmetallic materials to provide 
high corrosion resistance, good struc- 
tural strength and wear resistance, 
satisfactory electrical properties, and 
low cost,” Badger’s Research & De- 
velopment Div. not only has given the 
meter reader hope of continued ex- 
istence—not to mention dogbitelessness 


—but has won a nationwide competi- 
tion for the best use of materials in 
product design, sponsored by the maga- 
zine, Materials in Design Engineering. 

The half-mile readings, of course, 
contemplate the possibility of central 
reading stations, which will reduce the 
footwork of meter readers, but most 
applications of the new system will 
probably involve locating the registers 
where they will be accessible to the 
readers without disturbing customers 
or their property. In Water District 
No. 1 of Johnson County, Kan., mean- 
while, the male population is already 
investigating the possibility of taking 
the new register along to the office 
(see cut). 

Perhaps, in fact, the meter reader 
bounceth back! 


For those who sticketh around, 
meanwhile, there is good news indeed 
in the announcement from the Univer- 
sity of Georgia of a new dog gun that 
shoots hypodermic-like tranquilizer pel- 
lets. Developed to help in Atlanta’s 
antirabies drive against wild and stray 
dogs, the gun—equipped with an effec- 
tive silencer for public relations pur- 
poses—might well be the answer to the 
meter reader’s pressing problem of 
canine canines. Loaded with just 
enough of mutt Miltown to get a dog 
gone for the duration of a reading, the 
gun might even speed up readings to 
a point where humanics would have at 
least a chance against electronics. And 
if it didn’t, it would at least also give 
the meter reader a means for prevent- 
ing ulcers from worrying about it. 


Vail H. Moore has opened an office 
as consulting engineer at 101 W. Ot- 
tawa Rd., Paxton, Ill. He was for- 
merly with Hazen & Sawyer. 


(Continued on page 54 P&R) 
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Planting 1980 Profits 


American Hard Rubber Co. can offer. 


Your financial success... your reve- 
nue and rate problems this year depend 
partly on the cost of replacing pipe 
buried long ago. 

So will it be in the year 1980... and 
2000. Your costs then will depend on 
the quality of the piping and planning 
you do today. 

Look now to proven new materials: 
Tough, durable plastics. ..corrosion- 
proof, non-fouling plastics... pure, 
non-toxic plastics developed specifi- 
cally for water. 

And use all the experience you can 
find when applying these cost-saving 
materials...experience in depth only 
Ace-ite®, Ace Riviclor® 

6 
® and Ace Supplex BY A 


are approved 
for drinking water. 


DIVISION OF /4\ 


The first Ace plastic pipe was in- 
stalled over 50 years ago (hard rubber 
was the first plastic). Some of this pipe 
is still at work! Now seven types of 
Ace pipe are used by water and sewage 
utilities... led by Ace Riviclor®, Ace- 
Ite® and Ace Supplex® for chemical 
feed lines, water mains and service 
lines. Thousands of Ace rubber-lined 
treatment tanks, valves, pumps, fittings 
and molded parts are in use. We are 
also leading suppliers of hard rubber 
parts for water meters. 


Put this unparalleled water works 
experience to work for you. 


+ E RUBBER & PLASTICS EQUIPMENT 


EBIGAN mar uae cor 


ACE ROAD - BUTLER, N. J. 
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Hersey Mfg. Co. is celebrating its 
centennial this year. Founded in 1859 
by Walter E. Hawes and Charles H. 
Hersey, its chief product then was the 
rotary pump. Hawes & Hersey be- 
came Hersey Bros. in 1872, when it 
began making sugar refining and other 
machinery. It entered the meter busi- 
ness in 1885, first as Hersey Meter Co. 
and later (1890) as Hersey Mfg. Co. 
The growth of the company is exem- 
plified by the contrast (see photos) 
between the machine shop in South 
Boston where it was first housed and 
the 150,000-sq ft building at Dedham, 
Mass., which it has occupied since 
1957. 


The 12th World Health Assembly, 
attended by delegations from 82 of the 
nations participating in the World 
Health Organization, met at Geneva in 
May. The assembly stressed the im- 
portance of safe and adequate commu- 
nity water supplies to health and to 
social and economic development. The 
assembly requested WHO to cooperate 
with member countries in water sup- 
ply projects and to continue to study 
possible means of financing them. A 
special fund to receive voluntary con- 
tributions for WHO activities in this 
field was established. A coordinated 


global program for community water 
supply is envisaged under the leader- 


ship of WHO. 


Hydrants, heat, and humanity fig- 
ured in three riots in New York City 
last July in which one man was shot, 
one stabbed, one hit by a garbage can, 
while one woman had her head split 
open with a board, another was burned 
critically, and four received less serious 
burns from a Molotov cocktail thrown 
from an apartment building roof. All 
three riots occurred during a 2-day 


(Continued on page 56 P&R) 
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Roberts Filter Manufacturing Co. 
DARBY, PENNSYLVANIA 


WATER PURIFICATION EQUIPMENT 
STANDARD OF QUALITY FOR MORE THAN 60 YEARS 





WATER FILTRATION PLANTS and EQUIPMENT 
GRAVITY FILTERS and EQUIPMENT—PRESSURE FILTERS (Vertical 
& Horizontal) —WATER SOFTENING EQUIPMENT 
SWIMMING POOL EQUIPMENT 


This 8 million gallon a day water treatment plant is typical of the 
many hundreds of Roberts-equipped installations throughout the 
United States, Canada and Latin America. We welcome the oppor- 
tunity to cooperate with engineers on all types of water filtration 
equipment projects. 


© Dependability 
© Experience 
© Engineering Cooperation 


and Service a 


| 
< 


Roberts Style L 
Vertical Pressure Filter 


SWIMMING POOL EQUIPMENT 


This modern pool at Levittown, Pa., 
built by Levitt and Sons, Inc., is repre- 
sentative of the thousands of Roberts- 
equipped swimming pools. We produce 
a complete line of swimming pool re- 
circulating plants and filtration equip- 
ment, backed by more than 60 years 
experience in the field of water purifi- 
cation. 
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heat wave at the beginning of the 
month and involved city sufferers who 
tried to cool off in the spray of nearby 
hydrants. Two of those hurt were fire- 
men who had turned off hydrants that 
were illegally on; the shooting and 
skull-cracking followed the spraying of 
bypassers from a hydrant that was 
legally on; and the rest were bystand- 
ers injured when overheated hydrant 
bathers were thwarted in their efforts 
to cool off. “New York City,” New 
York City says, “Is a Summer Festi- 
val”—with water sports and fireworks 
yet! 


General Waterworks Corp. has an- 
nounced the acquisition of a number of 
water utilities, the largest being New 
Rochelle (N.Y.) Water Co. The 
others are: Preston Utilities Corp., 
Joliet, Ill.; Shore Hills Water Co., 
Lake Hopatcong, N.J.; Western Hill 
Utility Co., in the Denver, Colo., area; 
South Gate Water Co., adjacent to 
Sarasota, Fla.; and North Miami 
Shores Water Co., in Dade County, 
Fla. 


ASME’s new president will be 
Walker L. Cisler, president of De- 
troit Edison Co. He will be installed 
in December, along with vice-presi- 
dents Charles H. Coogan, William C. 
Heath, Donald E. Marlowe, and Henry 
N. Muller Jr. 


The scientific program of the Fifth 
International Water Supply Congress, 
to be held in Berlin in 1961, will com- 
prise the following seven subjects: wa- 
ter disinfection, surface and ground 
water pollution, metering and meters, 
statistical analysis of water utility op- 
erating data, applications of automa- 
tion, problems of local and regional 


water supply systems, and large-diam- 
eter pipe design and installation. Like 
the Brussels Congress of 1958, the Ber- 
lin meeting will be sponsored by the 
International Water Supply Assn. 


Good Government Award of the 
Allentown, Pa., Junior Chamber of 
Commerce was presented this year to 
Harry J. Krum, recently retired man- 
ager of the city’s water department, 
for his accomplishments over 41 years 
of service, and particularly for his 
work in the establishment of the Allen- 
town Water Authority, a city labora- 
tory, and a 30-mgd filter plant com- 
pleted in 1953, and for his good start 
on metering the system. What with 
this and the Pennsylvania Section’s 
1955 Fuller Award to show for his 
professional feats, the only thing lack- 
ing for Harry’s complete happiness is 
proper recognition for his not-so-pro- 
fessional feats on the golf links. 

As early as 1935 Harry made golfing 
headlines for a rather unusual birdie 
—one with feathers—as his tee shot 
killed a swallow on the wing. But 
the publicity following that shot was 
only a whisper compared with the ex- 
citement when another of his drives 
killed a 13-in. trout in a creek that 
crossed one of the local club’s fairways. 
And if some of the comment tended 
toward “a swallow we can swallow, but 
a trout... ,” this, too, was an at- 
tested achievement. Somehow, neither 
the unusual birdie nor the unusually 
fishy has yet won him the Good Golfer 
Award he claims to merit, if not for 
shooting a good game, certainly for 
shooting good game. 

Congratulations, Harry, for being 
dubbed “Man of the Year.” And con- 
gratulations, man, for being harried 
dub of the year. 


(Continued on page 112 P&R) 
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the inside story: 


CALMET’S 
PISTON In principle, the Oscillating Piston is universally 


recognized as the precise method of measuring 

INSURES any liquid. Its application to water 
measurement in the Calmet Meter incorporates 

the most advanced design and 

M RE manufacturing techniques known. 
The Calmet Piston is finished to minute toler- 


ances from wear-resistant, moulded rubber, 


of about the same specific gravity as water. The 
Calmet Piston is semi-floating and perfectly bal- 


anced. It combines maximum freedom of action 


with minimum friction, long life with extreme 
sensitivity. Its range of measurement extends 


from full flow down to small dribbles. Another 


reason why Calmet Meters assure you 
MEASUREMENT adequate revenue from every consumer! 


CALMET METER DIVISION 


2301 SO. MAIN 
FORT WORTH, TEXAS 
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ALBRIGHT & FRIEL, INC. | 


Consuiting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. EB. 3rd St. Gainesville, Fia. 





ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


CLINTON BOGERT ENGINEERS 


Consultants 


Cuunton L. Bocert Ivan L. Boozsrt 
Donaup M. Ditmars Rosert A. Linco.tn 
Cuartes A. Manaanaro WILLIAM Martin 


Water & Sewage Works Incinerators 
Drainage Flood Control 


Highways and Bridges Airfields 
145 Bast 32nd Street, New York 16, MN. Y. 





AWWA STANDARDS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 
Send for list of publications. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Ayres Ropert Norris 
Grorae E. Lewis Donatp C. Mar 
Sruart B. Mayrnarp Homer J. Harwarp 





Waterworks, Sewerage, Electric Power 
500 Wolverine Building, Ann Arbor, Michigan 
———_—+ 
BLACK & VEATCH 
Consulting Engineers 


1500 Meadow Lake Parkway, 
Kansas City 14, Missouri 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes— Refuse 
Disposal—M unicipal Projects 


Industrial Buildings—Reports 
Plans—Specifications 
Supervision of Construction 
and Operation— Valuations 
Laboratory Service 


75 West Street New York 6, N.Y. 





Brockway, Weber & Brockway 


Engineers, Incorporated 
George S. Brockway Roy E. Weber 
George R. podimey 


H. L. Fitzgerald 
Robert E. Owen 
Thomas A. Clark 


Charles A. Anderson 

Ben E. Whittington 

Ernest L. Greene 
Thomas R. Demery 


Civil, Struevaral, Sanitary, 
Municipal, Electrical, Land Planning 


West Palm Beach, Florida Ft. Pierce, Florida 


BROWN AND CALDWELL 


Civil and Chemical Engineers 


Water—Sewage—Industrial Waste 
Consultation— Design—Operation 


Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 
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BUCK, SEIFERT AND JOST 


Consulting Engineers 
Water Suprty—Sewace Disposar— 
Hypravu.tic DevELOPMENTS 
Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 EB. 19th Se., New York 3, N. ¥. 














BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 





BURNS & McDONNELL 


Engineers—Architects—Consultants 


4600 EB. 63rd St. Trafficway 
Kansas City 41, Missouri 


CHAS. W. COLE & SON 


Engineers and Architects 


3600 E. Jefferson Bivd. 
South Bend, Indiana 


2112 W. Jefferson St. 
Joliet, Illinois 





JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 





CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


=e 





CAPITOL ENGINEERING CORP. 


Consulting Engineers 


WATER WORKS—SEWAGE DISPOSAL— 
AIRPORTS — DAMS — BRIDGES— ROADS 
AND STREETS 
Investigations, Reports, Appraisals, Rates, 
Survey and Design, Construction Supervision 


Dillsburg, Pa. 


Rochester, N. Y. Washington, D.C. 





CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply—Sewerage 
Flood Contro!] & Drainage—Bridges 
Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 
360 E. Grand Ave. Chicago 11 


DAY & ZIMMERMANN, INC. 


Consulting Engineers 


+— 


Valuations 
Feasibility Studies & Reports 
Rate Cases & Financial Studies 
Supervisory Consulting Service 


1700 Sansom St. Philadelphia 3, Pa. 


cer 


Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment—Incinerators 
Airports — Bridges — Express Highways 


Spofford & Thorndike, liad 


Engineers 


Investigations Reports Valuations 
Designs Supervision of Construction 





Boston, Massachusetts 
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FINKBEINER, PETTIS & STROUT 


Consulting Engineers 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


| 14 E. Jackson Bivd., Chicago 4 





FREESE, NICHOLS & ENDRESS 


Consulting Engineers 


407 Danciger Building 
Fort Worth, Texas 


— 


GROUND WATER ASSOCIATES 


Consulting Hydrologists and Engineers 


Investigations, Reports and Recommendations 
on Underground Water Supplies. 
of Plans and Specifications. 


Preparation 


Box 480 JEfferson 6-0494 


Norman, Oklahoma 





FROMHERZ ENGINEERS 


Structural—Civil—Sanitary 
Four Generations Since 1867 
Water Supply ; Sewerage; Structures ; 
Drainage; Foundations 
Highways & Streets 
Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 





| WILLIAM F. GUYTON 
| & ASSOCIATES 


Consulting Ground-Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 


307 W. 12th St. 
Austin 1, Texas 
Phone: GR-7-7165 





GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 
Water Works—Sewerage 
Industrial Wastes—Gar ~~ 
Roads—Airports—Bridges—Flood Control 
Town Planning—Appraisals 

Investigations & Reports 
Harrisburg, Pa. Philadelphia, Pa. 
Pietoburgit Pe. Daytona Beach, Fla. 


GET YOUR COPY NOW! 


A list of AWWA books, manuals, standards, 
and other publications may be had for the 


asking. Is your library complete? 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 





+ 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 
Water—Sewage & Industrial Wastes 
Hydraulics 
Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


A. A. Burcer H. H. Mosevey 
J. W. Avery F. 8. Parocsay 
E. 8. Onpway G. H. ABPLANALP 
A. M. Mock 8. H. Surron 
F. C. Tories, Consultant 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations— Laboratories 
Woolworth Bidg. 
NEW YORK 
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HAZEN AND SAWYER 


— 
Richard Hazen Alfred W. Sawyer 
H. E. Hudson, Jr. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 Bast 42nd Street 3333 Book Bidg. 
New York 17, N.Y. Detroit 26, Mich. 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reportse— Design—Construction 


1392 King Avenue Columbus 12, Ohio 





ANGUS D. HENDERSON 


Consulting Engineer 
Water Supply and Sanitation 


330 Winthrop St. 
210-07—29th Ave. 


Westbury, New York 
Bayside, New York 


JONES, HENRY & 
WILLIAMS 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


| 


| Security Bidg. Toledo 4, Oinio 





H. G. Holzmacher & Associates 


Consulting Engineers 
H. G. Hotzmacuer 


R. G. HotzmachEer 8. C. McLenvon 


Municipal Engineering 
Water Supply & Treatment 
Sewerage & Treatment 
Water Analysis Laboratory 


66 W. Marie Street, Hicksville, L. I., New York 


= 
+ 


HARRY J. KEELING 
Consulting Engineer 
Electrical— Mechanical—Corrosion 


Investigations— Reports—Advisory Service 
Mobile radio communication systems ; 
Special mechanical design problems ; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1718 Livonia Avenue Los Angeles 35, Calif. 





HORNER & SHIFRIN 


Consulting Engineers 
E. E. Bloss V. C. Lischer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage & Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Struc- 
tures, Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 





ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


810 S. Clinton St. 
Chicago 7, Ill. 
and Principal Mfg. Centers 





KENNEDY ENGINEERS 


Ricuarp R. Kennepy Rosert M. Kennepy 


Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 
604 Mission St., San Francisco 5 
Tacoma Los Angeles Salt Lake City 


DEAN Ss. KINGMAN 
Ded: 9 E 9 


on 





Water Works 
Sewerage & Treatment 


153 University Avenue 
Palo Alto, California 
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MORRIS KNOWLES INC. JOHN F. MANN, JR. 
Engineers AND ASSOCIATES 


Water Supply and Purification, Consulting Groundwater Geologists 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Investigations, Reports, Advice 


on Underground Water Supplies 


Park Building Pittsburgh 22, Pa. 945 Reposado Drive La Habra, Calif. 


KOEBIG & KOEBIG METCALF & EDDY 


Consulting Engineers Since 1910 Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Airports Valuations 
Laboratory 


Statler Building 
3242 W. Eighth St. Los Angeles 5, Calif. Boston 16 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


R. E. LAYTON & ASSOCIATES JAMES M. MONTGOMERY 
Consulting Engineers Consulting Engineer 
Hydraulic Structures 
Water Supply-Storage— Distribution : a 
Industrial and Domestic Waste Disposal- Sewerage—Sewage and Waste Treatment 
Drainage Flood Control— Drainage 
Investigations, Reports, Plans, and 
Specifications 
655 West Avenue 135th 
San Leandro, California 535 E. Walnut St. Pasadena, Calif. 


Water Supply—Water Purification 


Valuations— Rates 
Investigations— Design—Operation 


LEGGETTE, BRASHEARS Nussbaumer, Clarke & Velzy, Inc. 
& GRAHAM Consulting Engineers 


Consulting Ground Water Geologists Sewage Treatment—Water Supply 
Incineration— Drainage 


Water Supply Salt Water Problems Industrial Waste Treatment 


Dewatering Investigations Appraisals 
327 Franklin St., Buffalo, N. Y. 
551 Fifth Avenue New York 17, N. Y. 500 Fifth Ave., New York 36, N. Y. 


+ 


Look to the Journal PARSONS, BRINCKERHOFF, 
Advertising Pages HALL & MACDONALD 


Recharging Reports 


Civil and Sanitary Engineers 


for guidance when you require professional serv- , . 
g : 1 i = Water, Sewage, Drainage and 
ices or water works products A ‘Buyers Industrial Waste Problems 


Guide" appears in the final pages of this issue. 





American Water Works Association, Inc. eructure Power Transportation 


2 Park Avenue New York 16, N. Y. 


165 Broadway New York 6, N.Y. 
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MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Ernest W. Wait.tocx 
Cart. A. ARENANDER 


Ma.cotm Prrnie 
Rosert D. MitrcHevi 
Maco Prantie, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 36, N. Y. 





THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement «& Special 
Hydraulic Investigations 


50 Church Street New York 


RIPPLE & HOWE, INC. 
Consulting Engineers 
V. A. VasEENn B. V. Howe 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833—23rd St., Denver 5, Colo. 


ROBERT AND COMPANY 
ASSOCIATES 
Engineering Division 
Power Plants Water Sewage Plants 
Airports Industrial Plants 


Docks and Terminal! Facilities 
Reports Investigations 


96 Poplar Street, Atlanta, Georgia 





LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes ; Investigations 
& Reports; Design; Supervision o 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—Structural 


Industrial— Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 





RADER AND ASSOCIATES 
Engineers and Architects 
Water Supply, Treatment and Distribution 
Sewers and Sewage Treatment 
Investigations, Reports, Plans 
Supervision of Construction and Operations 
Aerial Photography, Photogrammetry 


The First National Bank Building, Miami 32, 
Florida 


1025 Connecticut Ave. N. W. 
Washington 6, D. C. 





THOMAS M., RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
ndustrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 
MO Haven 5-2424 








J. HOMER SANFORD 
Consulting Engineer—Hydrologist 
39 Years of G d I igati 
Groundwater Development, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


Blizabeth 4, N. J. 





iS 


1143 B. Jersey Street 


SERVIS, VAN DOREN & HAZARD 
Engineers— Architects 
INVESTIGATIONS - Design - SUPERVISION OF 
SONSTRUCTION - APPRAISALS 
Water - Sewage - Streets - Expressways - High- 
ways - Bridges - Foundations - Airports - Flood 
Control - Drainage - Aerial Surveys - Site Plan- 
ning - Urban Subdivisions - Industrial Facilities 
Electrical - Mechanical 


2910 Topeka Bivd. Topeka, Kansas 
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PROFESSION. 


{L SERVICES 





Design, Reports, Consultations 


Water Supply and Treatment 


Stream Pollution Surveys 


SMITH AND GILLESPIE 
Consulting Engineers 
MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 


JACKSONVILLE, FLORIDA 


STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 
Hershey Building 208 S. LaSalle St. 
Muscatine, Ia. Chicago 4, Ill. 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High Se. 
Columbus, Ohio 


75 Public Square 
Cleveland 13, Ohio 


WATER SERVICE 
LABORATORIES, INC. 


Chemical Engineers 


Specialists in Water Treatment 


Consulting and Technical Services 


Main Office: 615 W. 131 St., N. Y. 27, N. Y. 
Offices aiso in: Phila., Wash., & Richmond 


J. STEPHEN WATKINS 


J. 8. Watkins G. R. Watkins 
Consulting Engineers 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and te Structures. 


446 East High y vad Lexington, Kentucky 
Bra: es 
5402 Preston peichear. Louisville 13, Kentucky 


107 Hale Street, Charleston, Ww Va. 





J. E. SIRRINE COMPANY 
Pajjneers, 
GREENVILLE, SOUTH CAROLINA 


Sewage and Industrial Waste Treatment 


ae Nee 


mS 


R. KENNETH WEEKS 


ENGINEERS 
Designers ° Consultants 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supe rvision of Construction 
Streets and Highways 
6165 E. Sewells Point Road, Norfolk 13, Va. 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 


Industrial Wastes 
Air pollution 


Water —Sewage 
Stream pollution 


Surveys —Research— Development— Process 
Engineering —Plans and Specifications 
Operation Supervision Analyses 
Evaluations and Reports 


Newtown Square, Pa. 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment 
Reports, Designs, Supervision of Construction 
and Operation; Valuations 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 
Investigations, Designs, Estimates, 
Reports, Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WHITMAN, REQUARDT 
& ASSOCIATES 


Engineers Consultants 





Structural 
Electrical 
Plans 

Appraisals 


Baltimore 2, Md. 


Civil—Sanitary 
Mechanical 
Reports, 
Supervision, 


1304 St. Paul St. 


WILSEY & HAM 


Engineers 


Investigation and Design 
Water Supply, Treatment and Distribution 
Sewage Treatment and Disposal 
Airports, Municipal Works and City Planning 


111 Rollins Road 
Millbrae, California 


800 W. Colorado Blvd. 
Los Angeles 41, Calif. 
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1879—ROSS-1879 
Automatic Values 





Controls 
elevation of 
water 
in 
tanks, basins 
and 
reservoirs 


1. Single Acting 
2. Double Acting 


ALTITUDE VALVE 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 


discharge 
SURGE-RELIEF VALVE 





Maintains 
desired 
discharge 
pressure 
regardless 
of change 


in 


rate of flow 
REDUCING VALVE 
Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 





Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 
2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 


FLOAT VALVE tion. 





Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 





ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 





JOURNAL AWWA 





NEW / 
EPON 100! 


INSIDE COATING 
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. - For all piping—metal, concrete, tile 


.- For any water condition 


.- For any practical flow rate,and now— 


.- Meets existing public heaith requirements 


Among the toughest, 

most durable resins 

known to modern chemistry, Shell Epon 
1001 is an ideal interior pipeline coat- 
ing for potable water lines. It has an 
outstanding record of performance as a 
chemical-resisting coating for oil pipe- 
lines, tank interiors, and as a finish 
coating for appliances, trucks, and plant 
equipment exposed to corrosive fumes. 
Conventionally cured coatings of 
Epon 1001 have truly remarkable ad- 
hesion, especially to metals, excellent re- 
sistance to impact, cavitation, and abra- 
sion. Outstandingly resistant to water 
erosion, Epon 1001 interior pipe coat- 
ings have given years of service, even in 
difficult water areas, with no perceptible 


deterioration orcontamination of supply. 


Epon 1001 may be applied by brush, 
spray or pig. Setting takes place at room 
temperature within an hour or so. Cur- 
ing time may be considerably shortened 
by the application of heat. 


The best news of all is that Epon 1001 
pipeline coating can reduce your main- 
tenance costs, no matter what your po- 
table water condition . . . and often en- 
ables you to supply higher purity water. 


Contact your nearest Shell Chemical 
district office for complete information 
on this important new development. 
Your Shell Chemical district representa- 
tive has all the facts you need to help 
you get started right away. 


SR 6 7 


EPON puts the power in paint 





ELL CHEMICAL CORPORATION 
PLASTICS AND RESINS DIVISION 


Eost Central £ ste Western District 
1578 Union Commerce Bldg 50 Vi 10642 Downey Avenue 
re ind 14, Ob Ne tk 20, Ne t Downey, California 


IN CANADA, Chen 














68 P&R 


Condensation 


CONDENSATION 


Vol. 51, No.9 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May ’47) 
volume 39, page 473, issue dated May 1947. 


indicates 
If the pub- 


lication is paged by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr.—Corrosion; IM—Institute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


POLLUTION CONTROL 


Nerve Gas in Public Water. J. Epstein 
Health Repts., 71:955 (56). In 
event of chem. warfare contamn. of 
with nerve gases Sarin and Tabun must be 
small quants. of these 


Public 
water 


considered, as 
agents are required to produce toxic symp 
Sarin in 


very 


toms from ingestion. Behavior of 


Hydr lysis occurs pro 


water is discussed. 
ducing nontoxic acids, reaction being mor¢ 


readily catalyzed in basic solns. But acids 
produced in reaction lower alky. and cause 
Sarin stability. Reaction of Tabun in water 
is different for acid and basic pH values 
In basic solns. Tabun tends to stabilize, but 
in acid solns. products of hydrolysis are 1 
acid and 1 base; therefore pH remains con- 
stant and reaction continues. Tabun is de 
tectable in water by its distinctive taste and 
odor, and its alteration of chlorine demand 
Sarin is not so readily detectable, 
but estimations of fluoride ion and 
alterations in pH of water are helpful in 
its detection. Response of 3 species of fish has 
been used to aid in detection of Sarin and 
Tabun in water. Once detected both thes« 
nerve gases can be rapidly destroyed by sim 


WPA 


of water 
concns 


ple decontamn. procedures 


Jurisdiction Over Pollution—The Federal 
View on Water Pollution. G. E. McCat- 
tuM. Chem. Processing, 21:32 ('58). Pri 
mary responsibility for water poln. control 
rests with states, with federal govt. in sup 
porting role. Federal Water Pollution Con 
trol Act of 1956 (P.L. 660) 
point out activities and authority of USPHS 
regarding water poln. Tech. 
tivities are being directed more and more to 
regional and interstate problems rather than 
to problems of individual states. Basic-data 
program has been initiated to establish na 
tional network of sampling stations to pro 
lines for measuring 


is reviewed to 


assistance ac 


vide base progress in 


(Continued on 


improvements and for detect- 
resources. USPHS is 
and other 
based on 


water quality 
ing deterioration of 
working with universities 
in developing techniques, 
mental principles, for 
poln is costing 
expenditures 
justified for its control. In 
poln state and 
encouraged USPHS 
cooperative program of voluntary compliance 
to obviate federal enforcement 
In developing and carrying out fed- 
poln Surgeon 
General has advice and assistance of Water 
Pollution Control Advisory Board and Na 
tional Technical Task Indus- 
trial Wastes. Major emphasis in program is 
being placed on research in effort to furthe: 
scientific knowledge concerning behavior and 
effects of and to 
deve lop adequate methods of control—PHEA 


groups 
funda- 
detg. what 
regions and 
can be economically 
interstate water 
action is 
emphasis on 


economic 
local areas or 
which 
cases, interstate 


place S 


necessity for 
action 
wate! control 


eral program, 


Committee on 


today’s complex wastes 


Legal Aspects of Stream Pollution. Cari 
E. GeutHer. Sew. & Ind. Wastes, 30:1050 
(58). Control of water qual. through abate- 
ment of poln. will contribute much to meeting 
water Water laws are being 
changed and must continue to change to keep 
Curbing poln. 


deficiencies. 


pace with changing economy 
has been given much attention, as evidenced 
that 1953 to 1956 269 


poln state 


trom 
bills 


Several 


by fact 
water 
legislatures 
comparative-injury ot 
trine, which has served to deny injunctions 
if offender would suffer much greater injury 
than plaintiff. State statutes, interstate com- 
pacts, and federal legislation which have been 
superimposed on common-law rights have set 
certain limits on permissible poln.; simpli- 
fied amt. of proof necessary for prosecution 
of law suits; and paved way for more fre- 
quent action by state or commission officials 
in nature of a collective suit for 
abatement.—P?// EA 


some 
were considered by 
have 


public-interest 


states adopted 


doc- 


nuisance 
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Atlanta, Georgia: This 8200’ extension of the existing 
water supply main system was laid by Arthur Pew Con- 
struction Co. of Atlanta. The line is Dresser-Coupled 


throughout. 


Expansion’s no problem 


Two man-minutes per 
bolt make every Dresser 
Coupling a permanent, 
bottle-tight joint. 


with Dresser-Coupled Pipelines 


It’s easy to install a Dresser-Coupled 
steel waterline. There’s no need for 
expensive, specialized equipment and 
labor; and installation is so rapid that 
the line is often fully laid immediately 
behind the trencher. Ordinary labor 
can make permanent, bottle-tight 
joints in a matter of two man-minutes 
per bolt. The joints will last the lite of 
the line. 

And Dresser® Couplings protect 
the line, too. These non-rigid couplings 
absorb vibration, stresses of expansion 
and contraction, shocks and pressures 


of shifting or settling earth. They 
allow up to 4° of pipe deflection at 
every joint, and joints are made 
with plain end pipe. Why not figure 
your next water line with Dresser 
Couplings? You can figure your costs 
accurately ... and consistently lower! 


(©) 


DRESSER 





Bradford, Pennsylvania 
Chicago * Houston + New York 
S. San Francisco + Toronto & Caigary 
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(Continued from page 68 P&R) 


Importance of Treatment of Waste Wa- 
ters to Preserve the Purity of the Ruhr 
and the Effect of Reservoirs on the Ruhr. 
E. H. Pruss. Bul. Centre Belge et Docu- 
ment. Eaux (Fr.), 26:238 ('54). Constitu- 
tion of the water of Ruhr at various stretches 
along its course, until it joins the Rhine at 
Duisburg, is described. An account is given 
of efforts made to reduce poln. of river 
flowing through industrial areas, and of 
treatment plants installed in towns to pre- 
vent entry of pollutants into river. Special 
reference is made to treatment of waste 
waters from distilleries, paper factories, cel- 
lulose works, iron and steel works, metal 
works, atomic-energy establishments, 
mines, and coke works. Waste waters from 
a town are often treated with sewage \ 
description is given of 3 reservoirs 
structed on Ruhr, lakes Hengstey, Harkort, 
and Baldeney, and of phys., chem., and bact 
properties of water passing through them. 
Results are given in tables, and illustrations 
and diagrams are included of some of treat- 
ment plants described.—l PA 


BACTERIOLOGY 


Choice of a Selective Medium for the 
Routine Insolation of Members of the 
Salmonella Group. R. W. S. Harvey. 
Mon. Bul. Minist. Hith. Lab. Serv., 15:118 
(56). Comparison was made of capacity 
of 3 selective media to isolate Salmonella 
organisms from feces and sewage in routine 
anals. Media studied MacConkey’s 
brilliant green medium, deoxycholate citrate 
agar, and Tabet’s modification of Wilson 
and Blair’s medium. Exptl. procedure, and 
constituents of media are described. Mac- 
Conkey’s medium was found to be most sat- 
isfactory, as it is comparatively simple to 
prepare, it has high selectivity over wide 
range of selective agents, and variability in 
its properties is rare. Results are shown in 
tables and are independent of material 
examd. whether it be feces or sewage. Re- 
sults are also independent of type of Salmo- 
nella present—the typhoid bacillus, Salmo- 
nella typhi, being the only exception, as it 
was not isolated during course of expts 
Organism does, however, grow well on Mac- 
Conkey’s medium.—W PA 


coal 


con- 


were 


A Substitute for Bile Salts in Culture 
Media. J. E. Jameson « N. W. Empertey. 
Gen. Microbiol. (London), 15:198 (’'56). 


Expts. have shown that anionic detergent 
Teepol is satisfactory substitute for bile salts 
in media for organisms of coli-typhoid group 
Medium contg. 0.1% Teepol and indicator 
of sulphonphthalein group gave more accu- 
rate results than did MacConkey’s medium. 
Bile salts, as marketed, are expensive and 
variable in their bact. properties but Teepol 
is cheap and reliable—WPA 


Comparative Studies on the Presence of 
Coliform Bacteria and Bacteriophages of 
Some Pathogenic Intestinal Bacteria in 
River Water. S. ZiemiInskA. Rocznicki 
Panstwowego Zakladu Hig. (Pol.), 9:225 
(58). Comparative studies were carried out 
on presence of coliform bacteria and bacterio 
phages of S. typhosa Vi, Shigella flexneri, 
and S. schottmuelleri in water from Vistula 
R.—CA 


Identification of Escherichiae in Water; 
Eijkman’s Test and the Production of 
Indole at 44°C! IMViC Tests. R. Bur- 
TIAUX; J. SAMAILLE; & Y. Prerens. Ann. 
Inst. Pasteur Lille (Fr.), 8:137 ('56). Of 
323 strains of Esch. coli, 92.6% fermented 
lactose with production of gas in medium of 
Mackenzie and produced indole after 48 hr 
at 44°C. None of 116 strains of Esch. inter 
media, Freundit, Klebsiella, and Cloaca had 
this property. This technique had specificity 
and sensitivity comparable to more compli 
cated techniques. For methyl red and acetyl- 
methyl-carbinol synthetic medium of 
Fouad is recommended. Incubation takes 
place at 30°C for 48 hr in former reaction, 
and for 24 hr in latter. Urease test in 
Escherichia should be performed in Christen- 
medium at 30°C and not at 37°C. 
Under these conditions all strains of Kleb- 
stella and Cloaca from feces and urine stud- 
ied hydrolyzed urea, in contrast to strains 
isolated from water. Hypothesis that urea- 
producing Klebsiella strains from water are 
dangerous contamns. can thus be tested more 
easily. Although only 16% of Esch. inter- 
media and Freundit strains from feces and 
urine hydrolyzed urea at 37°C, nearly 90% 


did so at 30°—PHEA 


tests, 


sen’s 


Lignasan as Bactericide and Algaecide. 


R. E. Burrows & B. D. Comps. Progressive 
Fish Culturist, 20:143 (’58). Coincidental 
with expts. employing Lignasan (ethyl mer- 
cury phosphate, 6.25%) for control of bact 
gill disease of fishes, it was observed that 


(Continued on page 72 P&R) 
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The scene is South Broad Street, with City Hall in the background, 


Laying steel pipe in PHILADELPHIA: 1907 


When the city photographer snapped this 
pipe-laying crew on Broad Street in 1907, 


the city was installing nearly 27 miles of 
steel pipe, in 48-in. and 36-in. diameters. 
Most of that pipe is still in service—after 


more than 50 years on the job! 


1959—Installing 60-in. tar-enameled Bethlehem steel 
pipe in Northeast Philadelphia. Contractor: Armour 
Excavating, Inc, 


Matter of fact, in Philadelphia they have 
for many years speciiied steel pipe for most 
mains over 30 in. ID. 

Today a network of over 3,000 miles of 


pipe lines supply upwards of 350 mgd to a 


population now well over two million. 

Many of the nation’s largest cities, like 
Philadelphia, use steel pipe for major, 
large-diameter water mains. 

For steady, reliable service, for high flow 
capacity, for leakproof joints, for long-range 
economy—specify tar-enameled steel pipe. 
Your nearest Bethlehem sales office would 


be happy to give you full information. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM erHleHey 
STEEL * 8 





CONDENSATION 


Faster LOCATING! 


LOWER SERVICE COSTS 


with the improved AQUA 


“vt LOCATOR! 


STOCK this 


useful tool for 
every service 
CAR and 


Speed 


Locating @ Keep 
Customers Happy 


NO WIRES, BATTERIES or SWITCHES— 
simple, powerful magnetic action, factory 
adjusted to YOUR geographical location 
assures unfailing results! 


NO NEEDLE SPINNING—exclusive electric 
braking action saves you time! 


NO STOOPING—easy top-view reading! 
RUGGED—compact, accurate, convenient! 


GUARANTEED—to function regardless of 
weather, surface or ground cover! 


NATION'S MOST WIDELY USED LOCATOR! 


15-DAY FREE TRIAL—No money! No obli- 
gation! You be the judge! 


ORDER NOW- Wire or Call 
Kirby 1 -4200 collect 


AQUA SURVEY & INSTRUMENT CO. 


2028 Leslie Ave., Cincinnati 12, Ohio . 


FIND LEAKS FASTER 


WITH THE 
AQUA SURVEY 


AQUAPHONE 


RUGGED! SENSITIVE! 


Super- sensitive scientific pre- 

tuned diaphragm without me- 
chanical connection between diaphragm and 
probe, makes this the industry's most dur- 
able instrument. Genuine molded Bakelite 
case, Unconditionally guaranteed against 
mechanical failure for life of instrument! 
Order one for every service man. 2 Ft. probe 
Extension $2.25. 


AQUA SURVEY & INSTRUMENT CO. 


2028 Lesiie Ave., Cincinnati 12, Ohio 
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this compd. was also effective algaecide. 
Tests indicated that concn. of 1.0 ppm was 
adequate for control of green algae. Ligna- 
san administered at concn. of 1.0 ppm for 
l-hr exposure at biweekly intervals was par- 
ticularly effective for control of some 
branched and unbranched filamentous green 
algae. 3 methods are described by which 
pond may be treated with 1.0 ppm Lignasan 
rather than the previously recommended 2.0 
ppm for control of bact. gill disease —PHEA 


DISTRIBUTION SYSTEMS 


Designing an Adequate Water Supply 
System for Rural Schools. P. Bouruis- 
LIER & W. A. MILLIGAN. Munic. Util., 95: 
8:17, 44 (57) Authors discuss factors 
affecting design of water supply systems for 
rural schools in Canada. Studies were made 
in 3 schools in Alberta and results are shown 
in graphs and tables. It is recommended 
that vol. of water used per pupil should be 
estimated as 15 gpd, and that min. fixture 
requirements should be increased.—W PA 


Water Intakes in the Niagara River and 
Lake Ontario. R. H. Murray. J. San 
Eng. Div., Proc ASCE, 84:1607 ('58) 
Recently completed (’56) water supply in 
take in Niagara R. for town of Tonawanda 
(present pop. 95,000) is described. Intake 
is located 2,000 ft upstream of a sandbar 
which splits Niagara R. into 2 channels and 
is opposite borderline between Buffalo and 
Tonawanda. Buffalo is contiguous on south 
and upstream from Tonawanda. Submerged 
intake structure consists of triangle with 
apex upstream and inlet port downstream 
Intake crib is connected by a_horseshoe- 
shaped, concrete-lined tunnel about 5,800 ft 
long to shaft or riser well located on shore. 
Construction cost for intake system was 
$1,233,100 Soon-to-be completed water sup 
ply intake in Lake Ontario for city of Os 
wego is described. Oswego is on south 
shore of Lake Ontario about 35 mi. north 
of Syracuse, N.Y. Intake crib is located 
6,200 ft offshore in about 60 ft of water 
Submerged steel crib is octagonal in shape, 
compartmentalized to allow weighting with 
concrete when in final position. Crib is 
connected by tunnel with min. dimension of 
8 ft and capacity of 120 mgd to a shaft or 
riser well on shore. It is probable that 
tunnel will not have to be lined. A 72-in 
diameter pipe connects the riser well to the 


(Continued on page 74 P&R) 
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oe New high pressure valve 
by Pratt proves as 


- RELIABLE as OLD FAITHFUL 


We tried to blow this new seat out. But it couldn't 
be done. We tried to make it leak under high 
pressure. But it couldn’t be done. In fact, we 
tried every kind of torture test imaginable—and 
only proved one thing. Beyond question, this 
new A.W.W.A. 125-16, high pressure rubber seat 
butterfly valve is as reliabie as ‘Old Faithful." 


The multiple segment mechanical retention not 
only holds the seat with completely reliable firm- 
ness, it provides easy adjustment and even seat 
replacement without removing the valve from 
the line, or the disc from the valve. Less seating 
torque is required with resultant savings in oper- 

_ ator sizing. 
and all this at considerable cost reduction! 


It is significant that this 
new development should 
come to you from Pratt— 
the pioneer. These same 
research facilities (un- 
matched in the Industry) 
brought you the first high 
pressure rubber seat but- 
terfly valves that have per- 
formed so faithfully for 
many years. And now, four 
years of constant design- 
ing, building, testing brings 
you another outstanding 
achievement—a new high 
pressure seat design that 
you can't wear out in 
normal service. 


48” valve being tested for seat retention by snapping disc open with 150 # differential pressure across closed disc. 


Creative Engineering PRATT Butte tter fi SEAT 


for Fluid Systems rfly Valves 


Henry Pratt Company, 319 W. Van Buren St., Chicago7, Ill. * Representatives in principal cities 
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pumping station 75 ft away. Construction 
bid of intake is $1,753,415 and the contract 
bid for construction of the pumping station 


is $1,055,151—PHEA 


Problems in the Comprtation of Rain 
Overflow Outlets (Ger.). \W. Losse. 
u. Wasserfach, 99:84 (’58). Computation 
values for measurement of rainwater over- 
flows were tested on basis of several studies 
and data concerning rainwater distribution 
were summarized in order to interpret rain- 
water overflow so that sewage canals would 
not be needlessly overloaded. Overloading, 
slope of land and position of canals can re- 
sult in values of 6-10 liters per per 
hectare. This value must be detd. separately 
for each locality. For practical considera 
tions, rainwater over flows still contain a 
lot of mud. Author presents practical calcn. 
example from Middle Rhine area—PHEA 


Gas- 


sec 


Water for Our Far North Outposts. 
STAUNTON & S. ROSANOFF Eng. News- 
Record, 160:13:39 (’58). Method of pro- 
viding water supplies for small defense out- 
posts in permanently frozen areas is de 
scribed. Most of water are lakes 
which can freeze to depth of 6 ft and, there 
fore, water is taken from below max. depth 
of ice, heated to prevent freezing during it 
flow to heated pump house and transported 
through heated pipeline to enclosed storage 
tanks; electricity is used to provide neces 
sary heat. Design calls for intermittent 
operation of water system, and full drainage 
between operations. Method of intake and 
operation of system are described —W PA 


sources 


Water Intakes in the Detroit River. E. A. 
Harpin, J. San. Eng. Div., Proc. ASCE, 
84:1592 ('58). New water supply system 
will serve the suburban communities of the 
southeastern part of Wayne Cty., Mich. 
Important features of new system are water 
intake in Detroit R. and a 4-mi, 12-ft diam- 
eter raw-water tunnel extending inland to 
pumping station and treatment plant. This 
system and other intakes of Detroit R. are 
described—PH EA 


Aluminum Alloys for Handling High- 
Purity Water. W. W. BInGer & C. M 
MARSTILLER. Corrosion, 13:59 (’57). Alu 
minum alloys have been used for more than 
20 yr for storage and distribution systems 


(Continued on 


handling distilled water. Recently, it be 
came possible to investigate experience with 
some 30 distilled-water systems which had 
been in use for various periods of time up 
to 24 yr. Many of these systems had been 
made entirely of tinned copper or brass and 
others were made up of combination of mate- 
rial including aluminum indicate 
that aluminum alloy tanks, tubing, 
fittings and valves are highly satisfactory for 
handling distilled water and not cause 
significant contamn. of water being handled. 
Increased of method for 
treating water has required equip. fabricated 
from materials in which such water could be 
handled with min. of pickup and discolora- 
tion. As many 
quants. of water 


Results 
storage 


do 
ion-exchange 


use 


large 
solids 


processes requir € 
of low tot. 
content, it was natural to consider aluminum 
alloys for fabrication of storage tanks and 
piping for handling 


PHEA 


very 


demineralized water. 


Use and Significance of Pipe Net Models 
and Modern Computation Machines for 
Planning and Operation of Large Water 
Supply Systems (Ger.). J. W. Korte « H 
Boparwe. Gas- u. Wasserfach, 99:177 (58). 
In developmental studies in large and strongly 
netted water supply systems, there always 
arise new questions on pipe and system de- 
sign. Survey is given on suitable, mathe- 
matically exact designs of ring systems 
From experience, work can be so time con- 
suming that calcg. machines can be used to 
better advantage. Development of 2 princi- 
pal types of analog computer and 
digital or cipher counter, was outlined, and 
their function, as far as usefulness for water 
supply networks is concerned, was clarified. 
All calecg. machine work assumes that calcu- 
lation problem is balanced by characteristics 
of machine. 


these, 


An addnl. assumption is meas- 
Sys- 
tem measurement and exact calcn. are equiv. 
ingredients of system anal 30th kinds of 
caleg. machine can satisfy uniqueness of a 
water works operation—PHEA 


ure of roughness of operation of pipes. 


Investigation of an Obsolescent System 
of Drinking Water Supply. P. GevaupaAn 
& R. Gay Rev. Hyg. et Med. Sociale 
(Paris), 5:2:190 (’57). Marseilles sup- 
plied with river water conveyed to town by 
canal 80 km long. ; 


is 


Certain suburbs are sup- 


plied with water which is untreated except 


page 76 P&R) 
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» IDE 


PERFORMANCE 


into your PUMPING 
for greater ECONOMY and EFFICIENCY 








. = | 
. + 
i hi 
Ee 
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j 


Large Vertical Small Vertical NEMA | -1II 
150 HP and Up 15-125 HP Weather Protected 


Perfect for any pumping problem, IDEAL Vertical Motors are designed 
and built to rigid standards of quality and performance for the ultimate 
in efficiency, economy and extended service. Squirrel Cage, Synchronous 
and Wound Rotor types in solid or hollow-shaft models are available 
with choice of bearings, bases, enclosures and insulations for any re- 
quirement. Drip-proof, splash-proof, weather protected and totally- 
enclosed construction for ali atmospheric and climatic conditions. Write 
for bulletins 212 (15-125HP) and 219 (150HP and larger). 


(2\) The IDERL ELECTRIC « nawracrunne co 


312 East First St. Mansfield, Ohio 


SINCE 1903, AMERICA’S FINEST MOTORS, GENERATORS, 
MOTOR-GENERATOR SETS, SWITCHGEAR AND CONTROLS 
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for chlorination. Center of city is supplied ter but authors mention that it would be 
with water which is filtered and sterilized wrong to underestimate popular feeling in 
Domestic supply is via storage cisterns in favor of storage cistern as reserve-—BH 
roofs of houses. Formerly, cisterns may have 

provided a reserve in case of interruption of _ Flow of Suspensions of Noncohesive 
flow of canal, but, except in some suburbs Spherical Particles in Pipes. H. E. Rost 
where there is no reservoir, this is no longer & H. E. Barnacie. Eng. (Lond.), 203:898 
necessary. Present investigation was under (57). Pressure drop along a pipe conveying 
taken to find out whether these tanks really suspensions of noncohesive particles in air 
serve any useful purpose It is concluded has been investigated and a formula devel 
that in chlorinated raw water they are useful oped from results. Pressure may, in an in 
as they act as contact tanks. Water at the clined pipe, be divided into a static pressure 
exit shows a reduced chlorine and _ bact term, calculable from height between pres 
content. In filtered and sterilized supply sure points and density of suspension, and 
contact tanks are incorporated in system and a frictional term which depends on phys 
so storage cisterns merely provide a possible properties of fluid and of suspended solid but 
source of contamn. and waste. Of tot. of not on angle of inclination. Frictional pres 
tanks examd. 15% were site of significant sure drop may be caled. by addn. of pressure 
pollution of water that was previously bact. drop for fluid component alone, computed 
satisfactory. Authors discuss whether modi from normal formulas, and a term computed 
fication to obtain better protection or sup from phys. characteristics of suspended solid 
pression altogether of these storage cisterns and of fluid by means of formulas of authors 
would be preferable. Water co. favors lat- WPA 


(Continued on page 80 P&R) 


KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 





Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. v. 
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12 Day 


Commissioner Hugh 
Brewer says: ‘‘We are 
pleased with the contin- 
uous, dependabie serv- 
ice of these Rotovaives.”’ 














'tHON 21 


“They are the best con- 
trol valves | ever saw,” 
testifies Water Superin- 
tendent John Luce 


Actual pressure recording meter chart shows how City pressure remains constant 
despite variations in supply line pressures over a 24-hour period. EXAMPLE: 


Time Supply Pressure | Flow Rate City Pressure 
5:00 p.m 135 psig 8.9MGD | 70 psig 
5:10 p.m 105 psig 15.0 MGD | 70 psig 


Ft. Smith Relies On Allis-Chalmers ROTOVALVES For 
CONSTANT WATER PRESSURE 


Since 1949, the City of Fort Smith, 
Arkansas, has used Allis-Chalmers 
Rotovalves exclusively on pressure reg- 
ulating service. Two 16” hydraulically- 
operated Rotovalves, installed on a 
23-mile gravity supply line from the 
filter plant to the City, have given un- 
interrupted service. City water pres- 
sure remains constant regardless of 
supply line pressures or rate of flow 
(demand) in the system. 
Manually-operated A-C Rotovalves 
are also installed in Ft. Smith’s trans- 
mission and distribution mains. In the 
event of an emergency, hydraulic im- 


RESEARCH DESIGN 


balance and mechanical design of these 
valves permit fast, easy operation by 
one man. Rotovalves installed by the 
Ft. Smith Water Department have a 
perfect service record with only nomi- 
nal maintenance. 

There is a full line of Allis-Chalmers 
Rotovalves, ball and butterfly valves 
to meet all requirements in water 
service. For complete information, call 
your A-C valve representative, or 
write Allis-Chalmers, Hydraulic Divi- 
sion, York, Pennsylvania. 

Rotovalve is an Allis-Chalmers 
trade name. 


Rotovalves « Ball Valves ¢ Butterfly Valves « Free-Discharge Valves 





Hydraulic Division FAAP E LL Liss 


ENGIMEERING FABRICATION 


Hydraulic Turbines & Accessories * Pumps « Liquid Heaters 


ALLIS-CHALMERS 











villians 








The WG 19.10 


CONCRETE PRESSURE PIPE FOR RELIABLE 
SEWER FORCE MAINS AND OUTFALLS 


CONCRETE PRESSURE PIPE provides the ideal me- 
dium for the construction of sewer force mains and 
outfall lines. Dense, smooth concrete walls which 
defy corrosion, tuberculation and even time itself, 
assure a long-lasting, high-flowing, trouble-free 
pipeline. 

In addition to low first cost, economical installa- 
tion and negligible maintenance, concrete sewer 
force mains assure minimum pumping charges 
because of their inherent sustained high carrying 
capacity. It will pay you to consider Concrete 
Pressure Pipe for your installation. 


Concrete 


Pipe 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 N. LASALLE STREET, CHICAGO 1, ILLINOIS 
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BOILERS AND FEEDWATER 


How Gulf Purifies Its Boiler Water. I. | 
Resen. Oil Gas J., 55:6:106 (’57) At 
Port Arthur, Tex., refinery of Gulf Oil Co., 
feed boilers is de 
mineralized by passage 
and 


water for high-pressure 
through a sulfonated 
styrene resin highly basic quaternary 
Water 
supply is mixture of salt and fresh water in 
ratio of 1,000 parts to 181 parts by volume. 
\ftet 


prevent corrosion 


amine polystyrene resin in series, 


demineralization water is deaerated to 


WPA 


Boundary Layer Processes in Heated 
Boiling Tubes. H. FE. Hoemic. Mitt. Ver 
47:113 (57) Author 
describes phenomenon of “hideout” of salts 
n boiling tubes, 
and developing and formulating quantitatively 


WPA 


Grosskesselbesitzer., 
criticizing accepted theory 


new theory 


Boiler Water Treatment: A formula for 
Control of Sludge and Scale in Internal 
(Carbonate) Treatment. J. A. Gray. J 
Inst. Fuel, 30:577 (°57). Study of internal 
carbonate boilers 


treatment of low-pressurt 


has shown that only 2 conditions are neces 


control of sludge and 


alkalinity in boilet 


sary for successful 
scale—that tot 
should be between 200 and 300 ppm, and that 
should be 


which is 


carbonate 


magnesium hardness of feedwater 


maintained above certain min. level 
and silica 
Formula for calculating 
This method is independent ot 


WPA 


related only to calcium hardness 
of feedwater 


this is given 


concn 


type of boiler and of water supply 


Adaptation of High-Pressure Boilers to a 
Water Supply Containing Increased Salt 
Content. V. N. Noev Proekt 
Ekspluatatsii V 0c lopodgotovitel Ustanovok 
na Teplovykh Elektrostantsiyakh (USSR), 
30 (7°55 boilers that will 
be supplied with chemically treated 


increased salt content it is 


\ oprosy 


pressure 


). For high 
h 


water 


conte recom 


mended to use removable sections in 2nd and 


Ran 
3rd stages of evapn. as in medium-pressure 


boilers Possible schemes for such removable 


sections are discussed as well as variants in 
development of method of introducing water 
steam mixt. into cyclones and sepn. arrange 
ments in sections In 


boilers silica must be 


clean high-pressure 


removed.—C A 


76 P. 


Utilization of Heat Content of Slag for 
Production of Feedwater. R. DOoLezat. 
Strojirenstvi (Prague), 7:93 Heat 
content of combustion furnaces in 
power plants was utilized by direct contact 
with 80°-90°¢ Temp. was raised by 
approx. 3°, then water was partly evapd. at 
0.5-0.7 atm. Condensate feed- 
Pro- 


(57). 
slag of 


wate! 
was used as 
water in power cycle after desalting. 
duction of 
steam capacity of boiler, was approx 


expressed as % of 
equal 
of heat 


condensate, 
to heat loss in slag, expressed as % 
introduced by When 
densed with combustion air, 
of approx. 25°C 
lag.—C A 


steam 
temp 


coal was con 
increase 
could be gained for each % 


heat loss in s 


Treatment. 
Heron. Eng. & 
(759). Review is 


Cyclohexylamine in Water 
W. K. Asucrort & P. N. 
soiler House 74:51 


given of properties of cyclohexylamine and 


Rev., 


its use to prevent corrosion of Fe by steam 
condensate contg. O and CO, CA 

Methods of Determination of Water Hard- 
ness. M. CoveLto & M Biosio soll 
Soc. Nat. Napoli, 66:18 (57). Comparative 
crit. examn. ol 


| 
I 
7 
various methods, especially 
with reference to influence of various degrees 
of hardness of water, is pre sented Follow 
{1| for low hardness, due 
chiefly to Ca**, old method of Clark 
ppt.) is satisfactory; but Titriplex and Eld- 
ridge methods should be preferred when Mg 

too; [2] with 
hardness due only to Ca Titriplex and 
soutron-Boudet methods are satisfactory, but 
same as above is true if Mg is present; [3] 
for high Eldridge and Titriplex 
methods should be Influence of NaCl 
addns. on hardness was also investigated: by 
all methods, hardness decreased but then in- 
concn. This 
fact is ascribed to behavior of activity coeff. 


ing are concluded 


(soap 


is present for potable water 


hardness, 
used 


creased again, by increasing C] 
of strong electrolytes CA 


Effect of Surface-Active Agents on the 
Formation of Boiler Scale. G. H. IRELAND 
Corrosion Prevent. & Control, 5:10:57 (’58) 
scale is discussed, and mecha- 
common 
calcite and anhydrite scales frequently found 


Formation of 
nism is suggested for formation of 
on heating and cooling surfaces of industrial 
plants. Types of treatment are compared 
and advantages of use of specially developed 


(Continued on page 82 P&R) 
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DP Oe OAWAAN OM water works pumps 


maintain vital water requirements of. = 


Toronto. Key city of Canada, 
manufacturing capital, grain center, now a 
great new port of cali for world-wide 
shipping on the St. Lawrence Seaway. 
Toronto’s vital water requirements rely on 
dependable De Laval waterworks pumps, 
standard of engineering efficiency for 


over half a century. 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 


822 Nottingham Way, Trenton 2, New Jersey 
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A Symbol of Quality 


MODEL B 
TAPPING 
MACHINE 


TAPPING 
MACHINES 


GENERAL PRODUCTS DIVISION 


HAYS MFG. CO. 


ERIE, PA. 


(Continued from page 80 P&R) 


org. surface-active agents are shown. Re- 
lated compds., such as antifoams, O scav- 
engers, and neutralizing amines are discussed, 
and their applications indicated.—C A 


Tests on the Bruckdorf Boiler Designed 
for Salt-Containing (Brown) Coal. H. 
LoeMKE & H. GerHaArpt. Energietechnik, 
8:539 (’58). This boiler consists of an 
initial section of Lamotte type followed by a 
short fire-tube boiler. Originally, horizontal 
superheater coils were placed between La 
motte and fire-tube sections, but these accumu- 
lated such heavy ash deposits that they were 
changed to horizontal coils after fire-tube 
section. Brown coal burned has net heating 
value of 2400-2500 kcal/kg and ash content 
of around 7-9%. This coal is burned in 
trough-type stoker and is screened to remove 
fines and pieces over 40 mm. The Cl content 
is around 1%. Considerable trouble is en 
countered with deposits throughout boiler, 
and intensive cleaning schedule must be used 
oiler is designed for an operating pressur« 
of 15 atm. abs. and superheat temp. of 250°C 
These values are not reached, especially 
during latter part of long runs, owing to low 
draft available from stack. Actual capacity 
of boiler is 7-8 m. tons/hr. This boiler is 
used to supply steam for briquet plant. Sug- 
gested changes are to rearrange piping in 
Lamotte section to act as a mixing and fly 
ash removal screen. It is suggested that this 
might be kept free from deposits by washing 
with blowdown water from boiler. Narrow 
passages and constrictions must be avoided 
in boilers burning salt-contg. brown coal, or 
passages will be clogged with ash.—CA 


Results of Experiments on Softening of 
Boiler Feedwater in a Simple Device. A. 
Lutze-Birk. Przemyst Fermentacyjny, 1 
168 (57). River water, with COs hardness 
12-6 and noncarbonate hardness 4 German 
deg., was treated with CaO 0.7, NasPO, 1, 
and NazCO;-10H.O 10 kg/7 ton H:O and 
softened by 2-hr heating to 80°-106°C in a 
fire-tube boiler to 2.5 German deg The 
sludge was removed by filtration.—C A 


Treatment and Control of Boiler Feed- 
water: New Interpretations. FE. C. Porrer. 
J. Inst. Fuel, 32:218 (59) Appraisal of 
selected features of feedwater treatment for 
high-pressure steam boilers is made in light 


(Continued on page 86 P&R) 
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NEW MAXIM 
EVAPORATOR 
STEPS UP 
EFFICIENCY 


Maxim’s new 10,000 gpd 
Thermo-Compression Evaporator 
is the first truly multi-stage 

(10 stages) evaporator in 
operation. Establishing a new 
high in efficiency, this plant can 
be operated for long periods 
without shutdown for cleaning. 
A complete packaged unit, 
(furnished with or without boiler 
and generator), it is designed to 
be transported by air. 


Originally developed for the 
armed services, it is now 
available for use wherever full 

IT’S PORTABLE, TOO density sea water is to be 
converted to fresh. Designs 
embodying this unique 
combination of principles are 
available for even the largest 
requirements. 


Get the full story on this and 
other tested and proven designs — 
from Maxim. 


Emhart Manufacturing Company 
ne Maxim Division / Dept. 34 
rat Box 216, Hartford 1, Connecticut 
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K-LUIDiIcS 


is a new Pfaudler Permutit program 
that provides a modern, imaginative 


approach for handling and processing 


liquids and gases more profitably. 


On these pages you'll find the more 
important products and services offered 
by our Permutit Division for the water 


treatment phase of FLUIDICS. 


Zeolite water softeners 
1 hardness to p 


Dealkalizing 


Horizontal Precipitator: Same ction Chemical feeders feed coagulants and Valveless filters (gravity type) use 
as vertica -recipitator “a , chemicals to Precipitators, deten basic hydraulic principles in place 
built into old settling basins o o unks, ete. Wet or dry types, of « isive valves, flow controllers, 
cost — de to gravity, constant or pro 


doubling yuads ng « ressure 
pacity 


ess ntrol systems. Provide completely 
portion automatic operation in same price 


range as manual filters, 


or 
ating 
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Pressure filters save on pumping, 
deliver effluent under pressure. Sand 
or Anthrafilt media for regular re- 
quirements. Neutralite filters for 
control of pH. Carbo-Dur for re 
moving tast lor, 


remove Control cubicles 
ondensate 
boiler feec 


and pitting of 
d lines. 


oxygen 


Deaerating heaters 
2 and/or 


and 
make-up used for 
prevent corrosion 
boilers, ‘ 


from cc 
or ion exchange 


fully o 


Vacuum deaerators remove oxy turn 


and COz from cold water, 


JOURNAL 


lime-soda softeners re- 
s, silica, alkalinity, tur- juivalen 
i 


integrate ! 
tralize control of water-cond es and records CC ' 


AWW. 


lon exchangers deliver the 
cal eq t of d t 


istilled v 
se sludge- 


Ronorex gas analyzer quickly indi 
1 re co 


systems 


semi-automatic systems 
backwash, regenerate 


units to service 


How Permutit solves your problem 


Permutit 
you and your consultants to solve 
your problem: 


Here’s how works with 


Complete analysis and study of the 
problem by Permutit’s experts in 
water conditioning, ion exchange, 
waste treatment provide data on 
several Best 
process is selected on basis of initial 


methods of solution. 
vs. operating costs, balanced against 
quality of effluent desired. 
Complete proposa! by Permutit en 
gineers covers type, size and capac- 
itv of equipment along with price 
and performance guarantees. 


Manufacturing — After the proposal 


is accepted, Permutit designs the 
entire project, schedules assembly 
and shipping. Critical parts, ion 
exchange resins, control cubicles are 
all made in Permutit plants. (No 
other U. S. firm makes all 


components, ) 


these 


Tests runs Where required, Per 
mutit checks the installation, super 
vises start-up and initial operation 
and trains permanent operating per 
sonnel, 

For further information, check the 
Permutit office in your city or write 
direct to our Permutit Division 
Dept. JA-99, 50 West 44th Street 
New York 36, N. Y 


PFAUDLER PERMUTIT INC. 


Specialists in FLUIDICS... the science of fluid processes 
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WATER 
UTILITY 
MANAGEMENT 
MANUAL 


This valuable guide for 
managerial personnel 
does double duty as a 
text for training courses. 
The 22 chapters cover 
such key topics as rate 
schedules, service regula- 
tions, legal responsibility, 
accounting, office opera- 
tion, safety programs, 
and financing. Prepared 
under the direction of 
the AWWA Committee 
on Education. 
Manual M5, paperbound, 


192 pp. 


List Price, $2.00 


Price to members sending 
cash with order, $1.60. 


AMERICAN WATER 
WORKS ASSOCIATION 
2 Park Ave., New York 16, N.Y. 


AWWA. 








(Continued from page 82 P&R) 


of recent information and ideas. Statistical 
methods are used to exam. need for deoxy 
genation of feedwater and to assess any ad 
vantage in addn. of alkali. Both of thes« 
processes are beneficial, but greater efficiency 
of deoxygenation would not necessarily re- 
duce corrosion. Alky. arising from dissoln. 
of massive Fe itself is no replacement for 
addn. of alkali. Use of pH as measure of 
feedwater quality presents difficulties, al- 
though in certain circumstances it will 
monitor feedwater treatment. A more useful 
parameter may be pOH, which is much less 
dependent on temp. than is pH. Practice 
of H measurement not only fails to give de- 
sired information, but also lacks a convincing 
theoretical basis. In considering whether 
boiler design should be more flexible to re- 
move need for even better quality feedwater, 
attention is drawn to safe upper limit of 
boiler tube thickness.—CA 


The Use of Phosphates in Water Treat- 
ment. K. Reir. Gas- u. Wasserfach (Ger.), 
99 :1354 (’58). Use of phosphates in water 
treatment is reviewed, including use of 
threshold treatments, phosphates in boiler 
operation, and in warm-water handling. 
Example is given of damage to wooden 
water-cooling tower when thinned hurdles 
were loaded with carbonate to point where 
internal structure collapsed. To avoid re- 
currence, water was decarbonated and stabil- 
ized with polymeric phosphates—CA 


Content of Sodium Silicate and of Free 
Silicic Acid in Superheated Steam From 
Straight Tube Boilers at 110 Atmospheres. 
Yu. M. KostrikIn, ET AL. Teploenergetika, 
4:4:37 (’57). Exptl. setup for detg. silicic 
acid content of superheated steam is described 
with use of schematic diagram. High-pres- 
sure wet steam at 450°C and 140 atm. passes 
cooler in which it loses some of its moisture, 
and regulating valve to separator where 
residual moisture and entrained impurities 
are removed. After this purification it enters 
mixer where NasSiOs or free HeSiOs, prepd 
by ion exchange of its Na salt, is injected in 
varying amts. Thence it passes to tubular 
heater 20 mm in diam. jacketed with high- 
pressure steam where it attains temp. re- 
quired for conditions of expt On leaving 
heater it passes condenser and regulating 


(Continued on page 88 P&R) 
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ALLIED CHEMICAL’S HOTLINE ENAMEL 


defies 180°F. heat without sliding and —10°F. cold without cracking 


Allied Chemical Hotline Enamel's resistance to both high 
and low temperatures, as well as its greater durability, com- 
pared to asphalt base and other coatings, has been proved 
by laboratory tests, and on-the-job performance for 
leading public utility companies. Allied Chemical Hotline 
Enamel is derived from coal-tar pitch, thus possessing 
inherent protective properties against the damaging 
effects of water, soil chemicals and electrical currents. 


improves protection under these specific conditions: 
1. On pipe-type cables or “‘oil-o-static lines’’ which are subject 
to internal electrical heat from high-voltage surges 


PLASTICS AND COAL CHEMICALS DIVISION 


2. Hot gas pipelines, on discharge side of compressor stations 
where line is above 120°F 

3. Warm, swampy areas or other places where excessive soil 
tress is encountered 

4. Areas where backfill and trenches are rough, rocky or contain 
ot s which normally penetrate softer coatings 

5. Pipelines (such as heated fuel lines) where temperatures are 
constantly high most of the time, but do not exceed 180°F, or 
200°F. for short term exposure. 

A staff of field service experts are at your call to offer you 
technical assistance that can save you maintenance time 
and costs. LAST WORD IN CORROSION PROTECTION. 


ANTIT 30) 


hemical 


40 Rector Street, New York 6, N.Y. 
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valve that maintains pressure at 110 atm. to 
stainless-steel measuring tank from which 
samples are taken periodically. Detn. of 
SiOs ion is made with photo-colorimeter 
through blue Mo complex without extn. with 
BuOH. Solns. of HeSiOs used for addn. are 
unstable above concn. of 425 mg/Il, but even 
at 850 mg/I pptn. is negligible in 2-day pe 
riod. Results of tests of NasSiOs feed plotted 
as mg SiO/kg steam v. temp. of steam leav- 
ing heater show that in 360°-430°C range, 
regardless of variation of NaeSiOs feed from 
0.3 to 49.5 mg/kg steam, ionic concn. remains 
at 0.03-0.04 mg/kg. With feed 
concen. in steam leaving 
Its independence of 


const less 
then amt 
heater falls accordingly 
velocity of steam which varied from 8 to 20 
m/sec indicates true soly. and that entrain 
ment is not involved. 360°C curve 
rises abruptly, which is explained by hypothe- 
sis that at these NaeSiOsNaOH fu 
sions form entrained droplets. In expts. with 
H.SiOs feed, efforts to correlate temp. of 
steam leaving heater with its SiO content 
shown that it 


above 


Below 


temps. 


vere unsuccessful, but it was 


was straight-line function of silicic acid dos- 
age, i.e., the curve has terminal coordinates 
of 0-0 and 12-26 mg/kg of silicate in steam 
and feed, resp.—( A 


Performance of Sulfide-Forming Burnish- 
ing Compounds in Tubes of Water Gages. 
V. N. Gurtyaev & K. I. Yatrsenxo. Elek. 
Stantsii. 28:6:77 ('57). Two compds. are 
described, one contg. NaCNS (I) 2, NasS.O 
(II) 6, NasSO, 55, KCl 45 g, other one 
being made up of I 3.5, II 10, BaClk 31, 
CaCl, 47, and NaCl 22 g. These are applied 
at 130°-140°C for 15-20 min. in feedwater 
and produce coating of tubes of water gages 
with sulfide which will protect gages at later 
operation with high-pressure steam up to 
600°C. If such compds. are not applied, none 
of tubes will last longer than 1,762 hr—CA 


Preventation of Cupric Scale Formation 
by Addition of Sodium Hexametaphos- 
phate. N. N. MAn’kina; M. D. Loacrnov; 
& T. A. Sasuina. Teploenergetika, 3:10:33 
(56). Treatment of with 


steam boiler 


(Continued on page 90 P&R) 


Need More Water Through 
Your Existing Plant? 


Specify— 
WALKING BEAM 
FLOCCULATION 
EQUIPMENT 


Because: 


1. Easily adapts to existing basins of differ- 
ent sizes. 


. Less retention time 
tough, stable floc. 


required to form 


. No underwater maintenance. 
. No dry well construction. 
Write TODAY for information. 


STUART corporation 


516 WN. Charles St., Baltimore I, Md. 





Don’t forget to notify us of 
your new address—and the 
sooner the better, as it takes 
a couple of months before a 
mailing list change can be 


made. Write to: 


Journal AWWA 
American Water Works Asan. 
2 Park Ave., New York 16, N.Y. 
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Rivers to Cross? 
Specify America’s Finest Flexible Joint 


American Molox 
Ball Joint Cast Iron Pipe 


Get the strength, proven long life 
and trouble-free service of American 
Cast Iron Pipe—plus the special 
advantages of a flexible joint designed 
for river crossings — with American 
Molox 
Premium quality, American Molox 
is designed with an integrally cast 
socket and case steel glands for 
maximum strength and large diameter 
| steel bolting for corrosion 
resistance. 





For full information about this 
service-proven pipe, call your Ameri- 
can Cast Iron Pipe Company repre- 
sentative, or write for the descriptive 
brochure “American Molox Ball Joint 


Pipe.” 











SALES OFFICES 
New York City + Dallas 
Chicago + Kansas City 
San Francisco + Denver 
Pittsburgh + Orlando 
CAST IRON PIPE CO. a oe 


SIRMINGHAM atasama Birmingham 
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(NaPOs). at 35 atm. pressure and 240°C 
decreases formation of cupric scale on shield 
ing pipes from mg to 0.3 
mg/sq cm.—C A 


5-7 sq cm/mo 


Differential Regulator of Pressure of 
Feedwater. Yu. M. Nocovitsyn. Ener 
getik, 5:10:11 ('57). Regulator is described 
which operates with steam, which also gives 
partial deaeration of HzO which is to be fed 
into boilers.—CA 


The Salt Content of Steam From Drum- 
Type Boilers. E. ScHUMANN. Brennstoff- 
Waerme-Kraft, 9:137 ('57). Review of 
mechanism carryover of and SiOz in 
steam, including soly. of salts and SiOz in 
steam and effect of foaming and priming 
Danger of foaming increases with increasing 
boiler-water but salt content and 
cond. of steam leaving boiler can be main- 
tained at substantialy const. and low level, 
regardless of boiler-water salt concn. by 
means of suitable construction and inserts, 


salts 


concn., 


(Continued on 


steam washing, etc. Phosphate in boile: 
water reduces SiO. content of steam. Anti- 
foam Materials. E. A. Utricu. Jbid. 141. 
Use of antifoam additives to boiler water is 
usually effective in preventing heavy salt 
deposition on turbine blades. When they are 
not effective, examn. of boiler drum will 
usually indicate mech. carryover of water 
droplets. Several examples are given.—C4 


Water Treatment for Industrial Require- 
ments. W. B. Gurney. Louisiana State 
Univ., Eng. Expt. Sta., Bul. No. 62, 113 
(’58). Review of water quality requirements 
for high-pressure boilers. Case histories: a 
cut-back in lime dose for economy resulted 
in low Ca hardness with high Mg hardness; 
increasing lowered Mg hardness with 
Ca hardness high, tot remaining 
same. Very little sludge deposited in boiler 
tubes. Leakage of Ca and Mg through 
zeolite following lime treatment was in same 
proportion as in influent. Degradation of 
demineralizing resins was stopped by increas- 


lime 
hardness 
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You Can’t Afford 
PAINT DAMAGE 


1. It Costs Money 


2. Endangers Your Citizens 


Only National Tank Maintenance Corp 
“Special-Skil’’ Applicator crews protect you 
completely against paint damage. Our 
crews use a special paint roller—designed 
and patented for us. Our crews use DRI- 
MIST long lasting paints. National Tank 
exclusives . “*Special-Skill’’ crews 

our own design paint roller 
long lasting DRI-MIST paints reduce dam 
age cut You and your com- 
munity benefit 


and special 


cost 


Our Engineering Department will furnish 
an estimate on your water tank without 
cost or obligation. Write, tele- 
phone National Tank 


NATIONAL TANK 
MAINTENANCE CORP. 


1617 Crocker St. 
Des Moines, Iowa 
CHerry 3-8694 


wire or 











ANCIAL 


50 


Years 


WRITE TODAY 
For 
100 PAGE CATALOG 


W.S. DARLEY & CO. Chicago 12 
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New Nalco Coagulant Makes “™ 


Bigger, Heavier Floc...Faster 4 


Nalcolyte 110 boosts hale 
Capacity of existing 
Treatment facilities _— Melee 


CHEMICALS 


Nalcolyte 110 is a new, non-ionic haleo 
organic coagulant of high molecular . CHEMICALS 
weight—over 1,000,000. It is used iti aus 

with conventional coagulants such ae huleo 
as sodium aluminate and alum to in- CHEMICAL 
crease size, density and uniformity 

of the floc. hulto 


: . : CHEMICALS 
May be used in public water supplies Untreated control sample of a turbid ' 


Approved by the U.S. PublicHealth ‘* *"* 
Service Technical Advisory Com- 
mittee for use in treatment of public 
water supplies, Nalcolyte 110 speeds 
formation of tough, high-density floc 
as shown in the photos at right. In 
this case a single ppm of Nalcolyte 
110 replaced 30 ppm of a conven- 
tional coagulant . . . and produced a 
clearer water. 
Greater Capacity; Better Water 
Small dosages of Nalcolyte 110 pro- 
duce a fast-settling floc that permits 
increased throughput without dan- , 
ger of carryover and plugging of Son eacd 7 aint aneaion 
filters. If your problem is to produce ing agitation. 
clearer water, and more of it, Nal- 
colyte 110 is the newest, most feasi- 
ble answer. 


Full Data Available 


Write or call for details on this new, 
potent coagulant today . . . for better 
flocculation . . . greater capacity .. . 
lower costs. 


National Aluminate Corporation is nou 


NALCO CHEMICAL COMPANY 
6216 West 66th Place Chicago 38, Illinois 


Same water with 20 ppm alum and 1 
ppm Nalcolyte 110 added. Photo 7 
seconds after stopping agitation 
shows rapid settling rate of larger, 
denser floc. 


In Canada: Alchem Limited, Burlington, Ontario 


. . . Serving industry through Practical Applied Science 
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ing regenerant chemicals and backwash rate 
Intermittent feeding of waste caustic from 
demineralizers about once or twice monthly 
to raise circulating water from pH 6.5 to 10.0 
laid protective film sufficiently to prevent 
costly condenser tube failures. The Works 
Water Treatment System. J. J. Tracu- 
TENBERG. J/bid., 116. Design Decisions on 
New Water Treatment Installation. T. EF 
Pounbs.—CA 


Boiler Water Treatment—Formula for the 
Control of Sludge and Scale in Internal 
Carbonate Treatment: Experiments in a 
Laboratory Boiler. FE. F. THurston « | 
FuRNIVAL. J. Inst. Fuel, 30:585 (’57). As 
it has been shown that problems of sludge 
and formation in carbonate-treated 
boilers can be controlled by adjusting mag 
nesium cont. of the feedwater in relation to 
its calcium and silica expts. 
carried out with exptl. boiler to det. effect 
of magnesium in feedwaters on amt. of ad 
herent deposit and scale formation. Results 


scale 


concns., were 


(Continued on 


that little scale formation occurred 
when magnesium was present in amts. suf- 
ficient to produce mobile sludges and that 
therefore addition of water 


deficient in it is capable not only of imparting 


showed 


magnesium to 


free-flowing properties to sludges but also of 
greatly reducing scale formation. These re- 
sults were confirmed in full-scale plants. 


WPA 


The Quantitative Determination of Sol- 
uble Humic Acids and Their Removal 
From Boiler Feedwaters. W. Fucus «& 
E. KOHLER Mitt. Ver. Grosskesselbesitzer 
(Ger.), 47:107 (757) In 
quantitative determination of humic acids in 
water and their removal from boiler feed 
water, authors developed method, which is 
described, for obtaining and isolating humic 
Tests were made of 


order to study 


acids from brown coal 
detn. of humic acids by oxidation with potas- 
sium permanganate, using both American and 
the German methods of detg. permanganate 
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WATER STORAGE TANKS 


ELEVATED 
GROUND RESERVOIRS 


Complete “Jank Sewice 


Engineered and Erected According to 
AWWA-AWS-FIA-FM and NBFU Specifications 


TAYLOR IRON WORKS 


Serving The Southern States Since 1898 


Please Address 
Box 218 
bacon, Ga. 


STANDPIPES 


MACON, GEORGIA 


Inquiries Te 


Box 6493 
5, Re. 
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Camden’s new 
5,000,000-gallon standpipe 
painted with Inertol... 


FOR PROTECTION — 
BEAUTY— 
ECONOMY! 


e This 5-million-gallon standpipe can look forward to long years of 
maintenance-free economy, a trim, attractive appearance. Inside and out, 
it’s protected with Inertol paints! 

Exterior surfaces are guarded with Inertol’s rugged, weather-resistant 
aluminum paint; interior surfaces, with Inertol’s asphaltic tank paint... 
imparts neither taste nor odor to potable water. 

Specified by Consulting Engineers Havens & Emerson, New York, 
these Inertol coatings meet the exacting requirements of water works 
service. Leading consulting engineers all over the country specify them 
again and again. 

A prominent shipbuilding and manufacturing center, Camden, N. J., 
is one of many cities which benefit from Inertol coatings. You, too, can 
benefit from Inertol’s 50 years’ experience in protective-decorative coat- 
ings designed to withstand submersion, weather and harsh chemical and 
abrasive conditions of municipal and industrial service. 

Send today, without obligation, for Inertol’s “Engineers’ Painting 
Guide” and “Tank Paints”’—a handy portfolio of painting ideas. Just 
write us on your business letterhead, giving your title. 


Ask about Rustarmor®, A complete line of quality coatings for sewage, 
Inertol’s new water and industrial wastes plants. 


mrweuapcly cartes My INERTOL CO. INC. 


—excellent for standpipe ww 484 Frelinghuysen Avenue, Newark 12, N. J. 
and water tank exteriors. 27G South Park, San Francisco 7, California 
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demand, and with ceric sulfate. Oxygen 


7” 
demand on titration with permanganate was 
= C higher in acid than in alkaline soln.; German 
FERRIC @ SULFATE and American methods gave almost identical 
: results; oxygen demand by the ceric sulfate 
The Superior COAGULANT method was considerably less than by per- 
. manganate method; chloride content of the 
With The Plus FACTORS soln. hardly affected results. Detailed de- 
Excellent taste and Turbidity removal scription is then given of quant. detn. by light 
a Color removal absorption in ultraviolet range. Studies were 
Manganese and made of range of application of Lambert-Beer 


Coagulation over Silical removal 
wide pH ranges 


Increased filter runs 


law and of occurrence of Tyndall scattering. 
e an . Bacteria removal . . . 
joc format - - e , Ss 3 
api wmation » comy Measurements showed that humic acids could 
Ease of operation be detd . 


in very small concns. even in far- 
ultraviolet range and that influence of Tyn- 


WATER dall scattering was small. Comparison with 


TREATMENT a no of organic colloids showed that with 
SEWAGE humic acid solutions kept in sterile conditions 
TREATMENT absorption remained same for several months 


Efficient Coagulation 
of Surface or Weill 
Water .. . Effective Coagulates over wide whereas with other colloids absorption in- 
n lime soda-ash pH ranges and creased with increasing age No difference 
softening pares enn was found in detn. by this method of humic 
aaa aes cntagal acids from different sources. Sources of 
edited of raw sewage interference and precautions necessary are 
esotennd ton Very effective for described and details are given of use of 

conditioning sludge method for detg. humic acid in feedwater. 

nga edigsngeaas Methods for removing humic acid from feed 
water were studied. Addition of coagulants 
did not give complete removal. Design and 
operation are then described of filter in which 
water contg. humic acid is passed through 


filtration or drying 


on beds 


deposited cake of filter aid. Using mixture 
Ferri-Floc gives smoother, more efficient and 
trouble free operation. Whatever your par- 
ticular water treatment problem may be, you / P 
can depend on Ferri-Floc doing a superior iob quantitative ly from teedwater contg. 10 mg/1 
and doing it efficiently and economically WPA 

Ferri-Floc is a free flowing granular salt which 

can be fed with few modifications through 

any standard dry feed equipment. It is only . : : 
mildly hygroscopic, thereby permitting easy } The Ammonia Carbon Dioxide Water 
handling as well as storage in closed hoppers | Equilibrium in Boiler Feedwater Condi- 
over long periods of time tioning. C. D. Wet J Appl. Chem., 
FREE BOOKLET Let us send Lond., 7:505 ( 57 = [wo methods for condi- 
you without charge, a 38-page | . . - a mn Ee 

booklet that deals specifically with | tioning of boiler feedwater by ammonia, are 


all phases of coagulation—just | described. One method is suitable for appli- 
send us a pastal card 


of 2 trade celite products and aluminium 





oxide, humic acid was removed practically 


cation to drum-type boilers, and other is 
intended specificially for forced-flow boilers. 
RS CR Equations, tables, and graphs showing equi- 


for dechlorination in water treatment and librium between ammonia and carbon dioxide 
to remove objectionable odors remaining 


after purification in aqueous solns. at stated temps. and pH 

COPPER SULFATE sofely controls obout ~~ values, are given. Term equivalent pH is 
90% of micro-organisms normally encoun . - “To " A ‘ “ 

Sdsld te Goater Sroamnase eluate eiiciently defined, and put forward as basis for design 
lh hor my other c . 4 . : - 

—— of high-temp. feedwater-conditioning equip- 

ment. Equilibria between gaseous and dis- 

solved carbon dioxide and ammonia are dis 


: cussed, and applied, for example, to estimation 


TENNESSEE CORPORATION of behavior of power plant deaerator.—HW’P A 


615-629 Grant Building, Atlanta 3, Georgia , 
(Continued on page 96 P&R) 
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GIVES YOU STRENGTH WITH BEAUTY 


Only welded steel will give you the strength you 
need for your water storage. Only steel combines this 
strength with beauty that blends into the landscape. 

For the happy combination of efficiency and good 
looks, it has to be steel. Elevated steel tanks and 
standpipes store water safely . . . unobtrusively... 
in good taste. Graceful design with steel will enhance 
surroundings while it provides trouble-free, long-life, 
and economical storage. 

Only steel tanks are built to rigid American Water 
Works Association Standards. These standards 
assure maximum protection in 
design and close control of material 
and craftsmanship. 


NL 
STEEL PLATE FABRICATORS En” 
ASSOCIATION 105 West Madison Street 


Chicago 2, Illinois 
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The Preparation of Water for Boiler Feed 
Purposes. J. H. RaAmMAGe. Gas J., 293:218 
(58). Various types of impurities occurring 
in water, including dissolved gases, sub- 
stances causing hardness, chlorides, silica, 
and various sodium salts, are discussed with 
reference to their effect in boiler plants. 
Methods of treating water before feeding to 
boilers include: filtration to remove sus- 
pended matter and, with addn. of coagulants, 
to eliminate colour; softening, by lime-soda 
process, with or without treatment with 
sodium phosphate, by Zentner process, or by 
exchange methods; removal of silica; and 
mechanical or chemical deaeration. Alterna- 
tively, softening can be carried out inside 
boiler by treatment with alkali or phosphate ; 
chemicals must be added to prevent adherence 
of sludge to boiler. In addn. to softening, 
water for boiler feed purposes sometimes 
needs conditioning, which may include addn. 
of alkali, deaeration, addn. of tannin-phos- 
phate to inhibit deposition of scale, and addn. 
of volatile amines to prevent corrosion. 
Entrainment of boiler water in steam, result- 
ing in corrosion of steam condensate system, 
can be prevented mechanically or by addition 
of antifoaming agents to water—WPA 


Water Supply in High-Pressure Boiler 
Operating in Power Plants of Moscow 
Regional Power System Administration. 
L. A. CHERNOVA & A. V. AsgEvaA. Inform. 
Materialy Moskov. Raion. Upravlenie Energ. 
Khoz., 8:3 (’55). Referat. Zhur., Khim. 
Abstr. No. 12759 (’57). Difficulties in con- 
nection with corrosion of equipment, with 
low quality of condensate recovered after 
operation, and increased carryover of SiOs 
by steam are recorded. It is recommended 
to increase requirement as to purity of steam 
(silica content =0.01 mg/kg, salt content 

0.1 mg/kg), to carry out a desilicification 
of addnl. water, and to purify condensate.— 
CA 


Use of Sodium Hexametaphosphate for 
the Stabilization of the Circulation Feed- 


water in Boilers. L. N. Krasnova. In- 
form. Materialy Moskov. Raion. Upravlenie 
Energ. Khoz., 8:56 (’55). Referat. Zhur. 
Khim. Abstr. No. 12755 (’57). It is neces- 
sary to keep excess of PO, ~~ in the circulat- 
ing water of approx. 1 mg/| (the carbonate 
hardness of the water was 2.5-6.1 meg- 
equiv./1) to avoid scale formation.—CA 


FOREIGN WATER SUPPLIES 


The Problem of Drinking Water in Bel- 
gium. L. Porret. Aqua, 3:6 (57). Au 
thor summarizes authorities which distribute 
water in Belgium; from which 
drinking water is obtained; sources of water 
which are available for future use; and 
future water requirements of country. Map 
of Belgium, showing principal water-bearing 
strata, is given. Since ground water supplies 
are already fully used, surface waters must 
be used for future requirements. Advan- 
tages of constructing a dam on Ourthe R. 
or taking water directly from Meuse R. are 
compared.—_W PA 


sources 


The Supply of Potable Water at the 
Town of Toulouse (Fr.). S. BLANCAL. 
Tech. Sanit. Munic., 52:9 (’57). Since 1932, 
when pop. was 200,000, daily water supply to 
Toulouse has consisted of 20,000 cum from 


Portet and Clairfont and 30,000 cum from 
filters at Pech-David. In 1944, due to var- 
ious losses, Portet-Clairfont only supplied 
10,000 cum per day to treatment plant at 
Bourrassol; output of filters at Pech-David 
was, however, increased by 20% following 
installation of rapid cleaning equip. using 
compressed air and water, of coagulation 
plant, using both potassium permanganate 
and iron sulfate, on banks of Garonne R. 
and of automatic cquip. to control rate of 
filtration; this gave a daily supply of 46,000 
cum for a pop. which had increased to 
300,000, compared with estd. requirement of 
75,000 cum/day. Modifications to distribu- 
tion system, piping system, filtration plant, 
and pumping system are described which 
give an immediate increase in supply to 
100,000 cu m/day, with a supplementary sup- 
ply of 50,000 cum available in 2 stages of 
25,000 cum each. Replacement of piping 
system between Roguet and Bourassol saved 
8,000 cu m/day; construction of new filter 
galley called La Padéne supplied further 
4,000 cu m/day, and diversion of water from 
Garonne, which had previously been aban- 
doned in 1925, gave 2,000-3,000 cu m/day. 
Rest of increase in supply was attained by 
improving filters at Pech-David, including 
increasing load to sedimentation tanks, put 
ting first 2 stages of sedimentation tanks in 
parallel, building 4 new sedimentation tanks, 
and installing 2 new tanks for disinfection 
with chlorine-ammonia.—_W PA 


(Continued on page 98 P&R) 
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General Filter 


EVERYWHERE 


Eiverywheve in the nation 

you ll find General Filter water and waste 
treatment equipment giving complete satisfaction to 
municipalities and industries. Here's why: 
DEPENDABILITY the result of more than twenty 
years’ experience in building quality water 
process equipment. ECONOMY — proved by long 
life and trouble-free operation of General Filter 
plants. SERVICE by 45 sales offices and 

36 field service departments coast-to-coast. There 
are many other reasons why it pays to specify 
General Filter. Write for complete 


nformation, bulletins and free estimates 


FRVER?-.. 


WATER PROCESS EQUIPMENT AMES 


AERATORS FILTERS ° SOFTENERS ° CLARIFIERS 
FLASH MIXERS ° FLOCCULATORS e PNEUMATIC CONTROLS 
ROTARY DISTRIBUTORS ° SLUDGE SCRAPERS 





98 PER 
NEW CAST IRON 
PRESSURE PIPE PLANT 
FOR PLAINS STATES 
Council Bluffs Location 


COUNCIL BLUFFS. Geographically 
located in the heart of the Plains 
States, the new pipe foundry of the 
Griffin Pipe Division, Griffin Wheel 
Company, is nearing completion at 
Council Bluffs, Iowa, reports Sam 
Prest, Vice President and General 
Manager. Shipments will reach their 
destinations in record time, because 
the site is served by eight major 
railroad carriers alone, in addition 
to truck carriers. 

Economical 20-Ft. Length 
Pipe in 4- to 12-inch diameter sizes 
will be manufactured in accordance 
with American Standards Associa- 
tion, American Water Works Asso- 
ciation, and Federal Specifications 
for water and gas distribution. The 
Griffin-20 trademark will apply to 
all pipe, which will be manufactured 
in modern 20-foot lengths. Griffin-20 
pipe decreases the number of joints 
by 10 percent, as compared to con- 
ventional 18-foot lengths, with 
resultant savings in handling and 
installation. 


Pipe Available March, 1960 


Installation of production facilities 
is proceeding on schedule, and is due 
to be completed in a few months. 
Modern automated machines will 
produce pipe by the Delavaud proc- 
ess of centrifugal casting in perma- 
nent water-cooled molds. Griffin-20 
pipe joints will include slip-on, me- 
chanical, and bell and plain end, and 
will be available for March, 1960 
deliveries. 


Operating 8 Foundries 
in Midwest 


Founded in 1877, Griffin operates 8 
iron and steel foundries in the Mid- 
west, two foundries on the west 
coast, and two in Canada. Also un- 
der construction is a new research 
center at Bensenville, Illinois. Griffin 
is a subsidiary of American Steel 
Foundries, which has 27 plants in 15 
states and Canada. 


CONDENSATION 


V ol. 51, No.9 


(Continued from page 96 Pé&R) 


Technical Construction and Development 
of the Long-Distance Water Supply of 
Franconia (Ger.). J. MursCcHMANN. Wass. 
u. Boden, 9:90 (’57). Literaturber. Wasser, 
Abwasser, Luft & Boden, 6:92 (’57). Long- 
distance water supply of Franconia, which 
has been under construction since ’51, supplies 
a district of 2,200 sq.km with about 250 com- 
munities and 150,000 inhabitants, situated in 
western part of the Bavarian Jura. Water 
is drawn from the sandstone and alluvium of 
Main R. valley. To save pumping costs, high 
level supplies are mainly used but lower level 
supplies, some of which necessitate pumping 
in 3 stages, are used to meet peak demands 
Organization and control of group supply are 
described.—_W PA 


The Ten-Year Plan for Water Supply 
(Ger.)—Brief Intermediate Balance. S. 
Ciopius. Gas- u. Wasserfach, 98:1051 (57). 
Author surveys conditions at end of first 5 yr 
of 10-yr (1950-60) plan for water supply in 
West Germany, dealing with finance, past, 
present, and future demand, and relation be- 
tween industrial production and water de- 


mand.—_WPA 


Experimental Plant for Treatment of 
Water From the River Main (Ger.) for 
Supply. K. Srapacer. Wass. u. Boden, 
9:103 (’57) ; LitBer. Wass. Abwass. Luft u. 
Boden, 6:30 (57). An exptl. plant for treat- 
ment of water from Main R. before its addi- 
tion by seepage to ground water used for 
supply of Frankfurt is described. Plant, 
which has been in use since 1956, has a 
capacity of 70-80 cum/hr. In prelim. floc- 
culation tank with retention time of about 
15 min, chlorine for oxidation and disinfec- 
tion is added and also part of coagulant and 
sulfuric acid to reduce pH value to about 6. 
Water then flows to Accelator plant, in which 
remainder of coagulant is added, along with 
activated silica to shorten period required for 
sedimentation and milk of lime to neutralize 
acid water. Effluent is almost clear and 
colorless, odor has been largely removed, and 
bact. condition is satisfactory. Water then 
passes through closed sand filter and acti- 
vated-carbon filter for removal of chlorine 
and residual taste, color, and odor and is 
distributed to seepage plants at 4 points, 30- 
150 m from intake wells of water works 
Other chemicals as required can be added in 
Accelator plant—WPA 


(Continued on page 100 P&R) 
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Domestic uses amount to only about 3% of U.S. annual water 
consumption. 

During ‘‘cold’’ war maneuvers and real war rumors, it is well 
to remember that industrial water is a basic resource in national 
preparedness and in war. Entirely apart from human needs, with- 
out industrial water supply there could be little or no production 
of war materials. 

Industrial production requires over 5 billion gailons of water 
daily. Inadequate water supply could cripple or 
kill industrial operations as they can knock out a 
man. The basic materials used to make aircraft 
may be metals, but the metals themselves could 
not be produced without the use of water. It 
takes 150 tons of water to make 1 ton of steel. 

When you see a military airplane soar through 
the air, or read of the latest missile shot to the 
moon—remember that behind the scenes, unsung 
and perhaps unknown, were the engineers and 
management of a modern water works system. 


This Series is an attempt to put into words some appreciation 
of the water works men of the United States. 


M:zH VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 
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The Post-War Development of the Water 
Supply of Bremen (Ger.). A. Out. Gas- 
u. Wasserfach, 98:911 (’57). Of 520,000 
inhabitants of Bremen (Ger.), 440,000 are 
served with mixed water supply consisting of 
68% filtered Weser water, 12% water from 
Soese impounding res. in Harz, and 20% 
ground water from Liebenau works. N 
Bremen has a ground water supply from 
works of Blumenthal, Vegesack, and Grohn. 
Post-war reconstruction of river water works 
is described. Slow sand filters have been 
retained and are preceded by flocculation 
plant, and reaction and sedimentation tanks. 
Water from 2 other sources is added to 
filtered river water before it enters storage 
res. Progressive deterioration in condition 
of Weser water, with special reference to 
high chloride content caused by potash waste 
waters, is described and shown in diagrams, 
and analyses are given of filtered river water, 
added water, and mixed supply. Experience 
with Accelator plant, which has been in op- 
eration only for short time, is described 
briefly. Analyses are given of waters of 


3 ground water supplies. These are treated 
for removal of iron, manganese, and free 
carbon dioxide. Expts. are in progress on 
effect of addition of silicates and phosphates 
on the removal of incrustations and forma- 
tion of protective coatings. Brief accts. are 
given of distribution and storage plants, of 
efforts made to reduce poln. of Weser from 
potash industry, and of investigations into 
ground water conditions of district—WPA 


Water Supply for the Yeovil District 
(Gr. Br.)—Sutton Bingham Scheme. R. C. 
Watters & R. J. WALTON. Proc. Inst. Civil 
Engrs., 8:71 (’57). Parishes comprising 
Yeovil Rural District formerly obtained their 
water from springs and wells. These source 
were insufficient to satisfy growing demand 
for water, and it was decided to impound 
water from river Yeo. As Borough of 
Yeovil also required supply of water, it was 
decided to construct res. to provide gross 
yield of 2? mgd, of which one-third would be 
required by Yeovil Corp., and 4 mgd would 
be available as compensation water. Con 


(Continued on page 102 P&R) 


N-Sol SETTLES YOUR 
COAGULANT PROBLEMS FAST! 


N-Sol (activated silica sol) helps you to 
get results like these... 


¢ shorter settling time 
* increased filter capacity 


¢ clearer effluent 


J, ae FO HF et OO ee 


rw 


—_— -*> 


N-Sol produces a tough compact floc 
which enmeshes impurities and settles 
rapidly. It is prepared in your plant with 
N sodium silicate (41° Be., %Na2O: 
©%SiO2 1:3.22) and a reactant chemical. 
We shall be glad to furnish samples of N 
sodium silicate with directions for making 


jar tests for your water conditions. 


PHILADELPHIA QUARTZ CO. 
1142 Public Ledger Bldg., Philadelphia 6, Pa. 





PQ SOLUBLE SILICATES 


Associates: Philadelphia Quartz Co. of Calif. Berkeley & Los 
Angeles, Calif.; Tacoma, Wash.; National Silicates Limited, 
Trademarks Reg. U.S. Pat. Off l Toronto, Canada 


PQ Plants: Anderson, Ind.; Baltimore, Md.; Buffalo, N.Y.; Chester, Pa.; Jeffersonville, ind.; Kansas City, Kan.; Rahway, N.J.; St. Louis, Mo.; Utica, 





What’s this talk about 


PACKAGED 
WATERLINES? 


It’s about a brand new way 

to save money. 

It means pipe to your specifications; 
cut exactly—no random lengths; 
lined, coated and delivered -— 
or scheduled deliveries 
according to your needs. 
There are even standard sizes 
available from stock. 

Seems that Southern Pipe 
can do everything 

from pipe production 

and processing 

to trenchsite delivery. 

For us customers 

it means one P.O. 

Less red tape and worries, 
and lower costs. 

I buy 

from Southern Pipe. 

(Maybe you should, too.) 


Write for brochure 
on products, services 
and facilities 
DIVISION OF U.S. INDUSTRIE 


BOX C + AZUSA. CALIFORNIA 
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struction of res. is described in detail. 
Treatment plant is designed to treat 2 mgd 
in period of 16 hr. Treatment comprises 
preliminary chlorination for control of algal 
growths in sedimentation tanks, coagulation 
with aluminium sulfate and sodium aluminate, 
sedimentation, rapid gravity filtration, neu- 
tralization if necessary by addition of up to 
50 ppm lime, and chlorination. Provision 
has been made for addition of activated 
carbon if necessary to control tastes and 


odors.—W PA 


Coordination of River Interests (Gr. Br.): 
An Anglo-Welsh Example. G. A. Wricnr. 
J. Inst. Water Engrs., 12:297 (’58). Ad- 
vantages of cooperation between water 
undertakings requiring water from particu- 
lar river basin, and between undertakings 
and appropriate river boards are explained 
and illustrated by reference to use of 
river Dee, particularly Bala lake scheme, 
completed in 1956 with a tot. authorized 
abstraction of 48 mgd; and proposed scheme 
for supplying water to Liverpool from the 
river Tryweryn, chief tributary of Dee. 
This scheme includes construction of a dam 


creation of an im- 
pounding res. capable of yielding 65 mgd in 


across the river, the 
addition to compensation water, use of nat- 
ural river channel as an open conduit be- 
tween dam and a works constructed at Hunt- 
ington, 3 mi upstream from Chester weir, 
installation of pumping facilities and aque- 
duct to convey abstracted water to existing 
, and diversion 
of various surface waters to Tryweryn res. 
\ map is included showing position of pro- 
posed res. and catchwaters diverting water 
into res., and diagram is given to show rela- 
tive positions of abstraction of water from 
river Dee system and amts. authorized to be 
abstracted by each undertaking. Regulation 
of sluices of Tryweryn res. dam will be sub- 
ject to directions of Dee and Clwyd R. board, 
which already controls sluices of reservoirs 
in Bala lake scheme. All sluice regulation 
will be determined by amt. of river discharge 
at Erbistock, 44 mi downstream from Dee- 
Tryweryn junction. It is emphasized that in 
must be careful, sys- 
tematic, and accurate measurement of river 


flows.—W PA 


reservoirs near Prescot, Lancs 


river planning there 


(Continued on page 104 P&R) 





for Public Water Fluoridation 


Sodium Silicofluoride - 99% 


) 


Sodium Fluoride - 98% 


(Powder or Granular) 
Meet AWWA specifications 


White or tinted blue «+ Ory and free-flowing 
Minimum of storage space «+ Available in bags and drums, 
Minimum of dust in handling 


THE AMERICAN AGRICULTURAL 
CHEMICAL COMPANY 


100 Church Street, New York 7, N. Y. 
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FORT LAUDERDALE « ST. PETERSBURG « FORT MYERS + NAPLES « GAINESVILLE + “MARINELAND” (ST. AUGUSTINE) 
WEST POINT « MARION « JACKSONVILLE « EVANSTON » MOLINE « GRANITE CITY + VANDALIA + MATTOON « ALTON « FR 
STREATOR + EAST ST. LOUIS + WILLIAMSON COUNTY « INDIANAPOLIS + BEDFORD + GENERAL MOTORS (INDIANAPOL 
RICHMOND « COUNCIL BLUFFS « CENTERVILLE e DAVENPORT » DUBUQUE « CRESTON » HUMESION « WEST DES MOINE 
OSAGE ‘CITY + BELOIT » GRENOLA + KANSAS CITY « ATCHISON + ELLSWORTH » MANHATTAN HAYS « TOPEKA®s OLAT 
WICHITA « ALTAMONT « LAWRENCE « MORRIS ST. PAUL + FT. SCOTT » EUREKA + DESOTO « LAWRENCE + RUBBER RES 


PRINCETON « OWENSBORO » HOPKINSVILLE « LEXINGTON + U.S. ARMY (FORT CAMPBELL)+ JEFFERSON COUNTY +‘ 


BELLE CHASSE « LAKE CHARLES « SHREVEPORT (CROSS LAKE PLANT) « 
KAISER ALUMINUM CO. (CHALMETTE) e SHREVEPORT o MET, 


BEL AIR« HAVRE DE GRACE « WESTMINISTER®« 
WYANDOTTE « ALGONAC « HIGHLAND PAR 


ELECTRA « SWEETWATER « WICHITA FALLS 
HOUSTON « STAMFORD + RIVER OAKS « WACO « 
EAGLE PASS« PHILLIPS CHEMICAL CO. (HOUS 
OWA PARK « NORFOLK « PORTSMOUTH «+ AME 
NEWPORT NEWS «+ WHEELING « MATEWAN « CHARLE: 


HA EMPIRE « KAISER ALUMINUM 
* MARRERO « LOGANSPORT 
De YPSILANTI « FILER 


fH « LLANA + MARSHALL «ft 

ILENE « PORT ARTHUR + SAN BEN 

OIL CORP. (WEST PORT ARTHUR) « SP 

/ERFORD « INDUSTRIAL FILTER CO. (HOUSTOP 
CORP. (FREDERICKSBURG) « AMERICAN VISCOSE 


* WEIRTON « AMHERST COAL CO. (LUNDSDALE)« MT. HOI 


MOOREFIELD » LOGAN « MONONGAH « RICHWOOD « FAIRMONT © KINGWOOD © NORTH FORK « PHILLIP! « NITRO « RIPLE 








Again on the growing Leopold list... DETROIT 








Based on Four Years of Proven Performance... 
DETROIT EXPANDS WITH LEOPOLD 


The 200 MGD addition to the Spring- 
wells Station in the Detroit water 
system will increase the maximum day 
filter plant capacity of this plant from 
340 MGD to 540 MGD in a multi- 
million dollar expansion program. 
Leopold glazed tile filter bottoms were 
chosen for this project as a result of 
their proven performance in the North- 
east Station, where they were placed in 
operation in 1955. 

Made of de-aired fire clay—-vitrified 
and salt glazed, the Leopold filter bot- 
tom can’t be matched for dependable, 
economic service. Individual Leopold 
blocks can’t corrode or absorb water . . . 


are acid and alkali resistant . . . not 
subject to tuberculation . . . provide 
equal filtration and uniform wash dis- 
tribution. For modernization or new 
construction, consider the long term 
economy and performance offered only 
by Leopold filter bottoms. Write today 
for complete information. 


F. B. LEOPOLD CO., INC. 
ZELIENOPLE, PA. 
Exclusive Canadian Representative: W. J. Westaway, Lid., Hamilton, Ont. 


Leopo/e 


GLAZED TILE FILTER BOTTOMS 
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Water Supply for Thule (Greenland). 
M. Sotomon. Eng. News-Record, 156:24:53 
(56). Author describes how water was 
supplied to US air base at Thule, Greenland. 
Available sources included melted ice and 
snow, deep wells, natural shallow lakes and 
distilled sea water. First 2 were abandoned, 
distillation of sea water tried but found too 
costly, and supply was obtained from shallow 
lakes, below ice level in winter. Crescent 
L. was chosen, pumping station and treat 
ment plant built. Treatment includes intro- 
duction of limestone, ferric chloride, and cal- 
cium hypochloride into water in Erdlator, 
followed by pressure sand filtration. Water 
is distributed by insulated trucks. In sub- 
zero weather a blowtorch keeps water above 
freezing point. Sewage disposal at Thule is 
carried out by storage tanks and heated dis- 
posal trucks, which haul it to central point 
from whence it is carried away by an elec 
trically heated and insulated sewer and dis 
charged into the bay 300 ft offshore—WPA 


Water Supply From Deep Wells in the 
Low Plains of Hungary. W. SPERLING. 
Gas- u. Wasserfach, 98:1003 (’57). Author 
summarizes contents of 2 papers. Condi 
tions of water supply in low plain of Hun 
gary and advantages of small water supplies 
with 1-2 deep wells and yield of up to 300 
liters per min are discussed. Such supplies 
would serve communities with pops. up to 
5,000; 43% of pop. of Hungary live in com 
munities of this range of size. Hydrologic 
conditions and methods of construction of 
deep wells for small supplies and investiga 
tions into composition of deep waters aré 


described.—W PA 


A Water Supply for Lamu (Kenya). C. 


Wricut. J. Inst. Water Engrs., 11:599 
(’57). Fresh ground water supplies in island 
of Lamu, off coast of Kenya, are found only 
overlying sea water, and special type of well 
has been designed in attempt to provide ade 
quate supplies of potable water for the 9,000 
inhabitants. Water enters well horizontally 
through porous concrete and into 
small storage res. from where it is period 
ically pumped. Water is stored in res 
capacity 100,000 gal, having been previously 
chlorinated by a drip-feed dosing apparatus 
at inlet to res. Fresh ground water is re 
plenished only by local rainfall, and in pe 
riods of drought it mmy be necessary to 
restrict consumption.—WPA 


passes 


The Rotterdam Water Supply. J. J. BryKer 
« E. L. Mott. Wom Wasser (Ger.), 24:31 
(57). After brief illustrated description of 
water works of Rotterdam and processes of 
treatment, author discusses chemical prin 
ciples of methods of treatment used, dealing 
with reactions involved in breakpoint chlo 
rination, methods of determining breakpoint, 
preparation of ferric chloride by action of 
sol. of chlorine on iron plates, method of 
adding coagulant, method of dete. amt. of 
coagulant required, and factors affecting 
coagulation. Results of analysis show that 
method of treatment adopted produces from 
pold. river water a supply which is physically, 
chemically, and bacteriologically satisfactory 
At times when condition of Rhine water is 
especially bad, it is treated with active carbon 


at intake—WPA 


Hydrological Investigations in the Nether- 
lands. I. Ground Water Problems and 
Ground Water Investigations in the Neth- 
erlands. W. F. Kru. Ingenieur, ’sGrav., 
70:75 (’58). Importance of control of 
ground water in Netherlands is emphasized 
in relation to problem created by increasing 
water demands of densely populated country 
for domestic, industrial, and agricultural use 
Acct. is given of hydrogeological investiga 
tions carried out in Netherlands during last 
70 yr, on behalf of water supply industry, 
in relation to hydraulic engineering works, 
and in connection with agricultural prob 
lems. Maps are included showing positions, 
throughout country, of pumping stations 
drawing ground and/or surface waters, and 
of hydrogeological investigations ; and giving 
hydrological data on watersheds in Gooi, and 
system of exptl. borings used in hydrogeolog 


Wieringer Meer.—H’PA 


ical survey of the 


General Thoughts on the Drinking Water 
Supply of the Capital and Adjacent 
Islands (Port.). B. Pinno. Bul. Mens. 
Centre Belge Etude et Document. Eaux, 
68, 69 :343 (56). Water supply of Lisbon is 
obtained from ground water brought by 
\guas Livres aqueduct, water being treated 
by coagulation with aluminium sulfate, rapid 
gravity filtration, ammoniation and chlorina- 
tion; from source of Alviela R., by means of 
Alviela aqueduct, water treated with 
combined chlorine; and from wells on right 
bank of Tagus R. Water supplies of Oporto 


being 


(Continued on page 106 P&R) 





Sep. 1959 JOURNAL AWWA P&R 105 





vy 


wae PN 
oa 


Four size 4 Corbolls at Konsos City, 
Mo. burn either gos or oil te produce 
max, of 40,000 Ibs. COg/day. Size 
©” unit ot left produces 570 tbs 
CO2/dey for Jefferson, lowe Weoter 


Ug 


co: UNIT 


Walker Process now offers carbonation units for all lime softening plants from the very small 
to the largest. Sizes range from the new “OO” unit with minimum capacity of 55 lbs. CO#/day 
to the No. 4 at maximum output of 10,000 Ibs. CO2/day. 
Engineers can readily provide an entire carbonation system by simply specifying the appropriate 
size CARBALL in combination with Walker Process SPARJER diffusers i 
50% More CO: Unique Absorption Method 
Clean, Tasteless Gas Economical Operation 
100% Combustion Factory Tested Package System 
Write for bulletins 7W83 - 7W85 and 7W88 


MEMEO TAINERrnocess cauurment wc 


AURORA, ILLINOIS 
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and other towns in Portugal are also de- 
scribed. Most waters are treated with gas- 
eous chlorine or sodium hypochlorite before 
distribution. Assistance given by state for 
construction of treatment plants in rural 
areas is described —_WPA 


Glasgow (Scot.) Corporation Gartham- 
lock Works. Civil Eng., Lond., 53:60 (’58). 
To augment supply of water to outlying 
eastern areas of city of Glasgow, main has 
been laid to take water from Ruchazie Res. 
and pumping station, 3-mil gal service reser- 
voir, and 1l-mil gal water tower have been 
constructed at Garthamlock.—_W PA 


Bethulie Bridge and Water Supply for 
the Cape Eastern Main Line (S. Afr.). 
Engr., Lond., 204:431 (’57). A new water 
plant has been constructed on north bank of 
Orange R. to supply water for locomotives 
of the Cape Eastern Main Line of South 
African Railways. As water is very muddy, 
prelim. sedimentation tank was designed spe- 


cially to remove heavier silt portion from 
water. Water is then filtered and stored in 
2 100,000-gal storage reservoirs before being 
passed to steel tanks which supply water 
columns where locomotives are watered.— 
WPA 


Water Supply of Aleppo (Syria). E 
WaALterR. Gas, Wasser, Waerme, 11:33 
(57). Brief acct. is given of water supply 
problems and difficulties of Aleppo up to °45 
when survey was begun to find source of 
sufficient and _ satisfactory supply. Only 
source of sufficient supply was found to be 
Euphrates R., which has avg. annual flow of 
15-90 billion cum. Annual water demand of 
Aleppo was calculated as 23,000,000 cum in 
Construction of intake plant in river is 
described. River water has high, often very 
high, content of suspended matter. At in- 
take, therefore, screens and settling channel, 
with automatic sludge removal, precede raw- 
water pumps, which pump water 23 m up 
ward to filtration station. Filtered water is 


"~~ 
42. 
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“CO FRE-FLO 


FILTER BOTTOMS 


CUT YOUR 


motor for the pump... 





FILTRATION 


271 HMOLLENSECE ST. 


FILTRATION COSTS 


UNIFORM FLOW AND BACKWASH 


Practical design assures constant flow and uniform backwash. With a 
backwash rate of 30” rise (50° sand expansion) the total loss of head is 
only 2.5 ft. of water, resulting in initial savings by purchasing a lower h.p. 
and continuous savings in pumping costs. 

Non-corrosive filter bottoms are scientifically manufactured so that 
the ports cannot be blocked by gravel, closed by encrustation or enlarged. 
Strong, durable construction withstands many times the force of the 
severest filter run. About five minutes and a screwdriver completes field 
assembly and substantially reduces labor and costs. 


EQUIPMENT CORPORATION 








ROCHESTER ZT, wm. Y. 
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FLOW COEFFICIENT=155 


The ebony-like finish on the inside sur- 
face of the steel water pipe shown 
above is a typical spun lining of Bitu- 
mastic 70-B AWWA Enamel. This type 
of lining has been tested and proved to 
have the highest flow coefficient avail- 
able today. 

That’s one reason why steel pipe, 
lined with Bitumastic 70-B AWWA 
Enamel is such a good investment for 


JOURNAL AWWA 


Steel water pipe with smooth, 
spun lining of Bitumastic En- 
amel. Whitewash protects ends 
against exposure to sunlight. 


a 


water lines. Delivery stays high, too, 
year after year, since this enamel pro- 
vides the best protection against tuber- 
culation and incrustation known today. 

Investigate steel water pipe—tlined 
and coated with Bitumastic 70-B 
AWWA Enamel—for your next water- 
supply project. 

Koppers Company, Inc., Tar Prod- 
ucts Division, Pittsburgh 19, Pa. 





ONLY KOPPERS MAKES 


BITUMAS 


REG. U.S. PAT. OFF. 


70-B ENAMEL 
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pumped 100 m upwards and then flows 81.9 
km to town, where, after treatment with 
ozone, third rising main 49 m high conveys it 
to the high-level res. Stages in which work 
is being carried out are described. Filtration 
plant comprises enclosed filters with plant 
for addition of alum and lime, and sedimenta- 
tion tanks on Accelator system. This plant 
and associated chemical labs. are described 
and illustrated and acct. is given of construc- 
tion of rising mains and of main aqueduct, 
which is laid in open channel. Ozone treat- 
ment plant, on eastern boundary of town, is 
preceded by rapid filter plant to remove 
organic matter introduced in journey from 
main filtration plant. Ozone plant and effect 
of treatment are described —W PA 


The Water Supply of the Town of Istan- 
bul (Turk.). S. Nazim. Eau (Fr.), 44:129 
(57). Historical acct. is given of growth of 
water supply system of Istanbul, with special 
reference to construction of dams and reser- 
voirs. 2 reservoirs, having capacities of 1,- 
600,000 cum and 609,000 cu m, provided an 
adequate water supply until end of last cen- 
tury, when water was also obtained from 
Terkos L., which has capacity of 250,000 
cum. Owing to increase in pop. of Istanbul, 
supply in Terkos L. was supplemented by fur- 
ther 10,000 cum, and, in ’50, town’s supply 
was further supplemented by an additional 
140,000 cum. New electric pumping station 
was constructed, and extensions to treatment 
plant which comprises sedimentation tanks 
and filters, are being carried out. Another 
reservoir, which will have capacity of 11,- 
000,000-16,000,000 cum, is also under con- 
struction to serve portion of city on right 
bank of Bosphorus.—W PA 


Geological and Hydrochemical Investiga- 
tions in the Eastern Vorderpfalz Between 
Worms and Speyer. G. MATTHEss. 
Notizbl. Hess. Landesamtes Bodenforsch. 
Wiesbaden (Ger.), 86:335 (’58). Generally 
tot. hardness of ground water in Eastern 
Vorderpfalz varied between 20 and 40 deg 
of German hardness. Majority of values for 
chloride content were between 50 and 150 
mg Cl/l. Values >150 mg were dispersed 
irregularly, values of <50 mg are detd. in 
ground waters near Rhine and other open 
waters. From Bunter Sandstone a water 
with small quant. of chloride and sulfate 
proved typical. In Pleistocene gray series 
iron content was between 0 and 5.64 mg/1I. 
Fe content in waters from low-lying terrace 
was mainly between 0 and 2.0 mg/l (104 
samples) ; 16 samples showed values between 
2.0 and 7.6 mg Fe/l. While chloride content 
in ground water of areas with forest was 
only 6.4-11.7 mg/l, values amtd. to 69.4-85.2 
mg/l in areas with agriculture. In areas 
with human settlements (Ruchheim) chloride 
content varied from 76 to 405 mg CIl/I 
Ground waters of deeper levels are sodium 
bicarbonate waters with a tot. hardness of 
9-18 deg German hardness and contents of 
chloride = 2-14, of sulfate = 0-23, of nitrate 
0.15, and of iron 1 mg/l.—CA 


Boron Content of the Saale River. F. 
Heme & A. THIELE. Naturwissenschaften, 
(Ger.), 45:363 (’58). The B content in soln 
and suspension has been detd. monthly during 
1955 at one point of the stream and at 9 
points along its course at one time. At 
Goschwitz, near Jena, the mean value of 
the Dissolved B is 41 y/l. It varies in- 
versely with stream flow and directly with 
the salinity—CA 





P. O. Box 307 





Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each 


Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
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AT ELEVEN PLANTS ACROSS THE COUNTRY, 
Jones receives tank cars of Chlorine, repackages it in cylin- 
ders and 1-ton tanks, makes quick deliveries to users in area 


ONE convenient source for 
all your chlorine needs 





Get chlorine products any way you want 
them, in any amount you need, from just Pick Your Own Chlorine 
one dependable source—Jones Chemicals. Product and Container 

It eliminates hop-scotch buying of 
liquid chlorine, calcium hypochlorite, or 
sodium hypochlorite, and enables you to 
plan your needs and deliveries . . . avoid 
excess storage. Eleven Jones plants, strategi- LIQUID CHLORINE — CALCIUM HYPOCHLORITE SODIUM HYPOCHLORITE 
cally located across the U.S., stand ready oe ee, Eee tone 
> deliver chlorine products when you need tes tate en. ee 

hem. 

Get chlorine in any amount—from 16-lb. 
cylinders to 1-ton tanks. Jones packages 
high-purity chlorine in less than carload 
lots—then lets you pick the size and type 
of container you need. 

Our trained technical staff will be glad 
to help you with your chlorine problems. 
Write for information and prices, or con- 
tact the Jones plant nearest you. 


John Wiley 
JONES CHEMICALS, INC. 


“A good name in chemicals” 


Beech Grove, Ind. Charlotte, N. C. Jacksonville, Fla. St. Petersburg, Fla. 
Caledonia, N. Y. Erie, Pa. North Miami, Fla. Torrance, Calif. 
Hudson, Wis. Wyandotte, Mich. Warwick, N. Y. 




















Alexander Orr, Jr. Water Treatment Piant 
DEPARTMENT of WATER and SEWERS 
CITY of MIAMI, FLORIDA 
Design and Supervising Engineers 
DEPARTMENT OF WATER AND SEWERS, 

CITY OF MIAMI 
Contractor 
PITT CONSTRUCTION CO 








Modern, excellently designed exterior complements 


the highly efficient facilities at the Orr plant 


Aerial view shows the 
extensive layout re- 
quired to treat water 
from the high capacity 
wells in the Everglades 
and at plant site 


ONE SOURCE 
OME RESPONSIBILITY 


Modern Builders Filter Control Tables central- 
ize individual filter operation display out 
put and head loss data allow remote oper 
ation of the large hydraulically-operated 
Builders Butterfly Valves used for washing, 
draining and operating filters 


Omega Fluoride Feeder aute 
matically feeds exact Sodiu 
Silico-fluoride requirement i 
to water after recarbonatioi 
in response to signals sent t 
feeder from Builders Ventu 
meter that measures inp 
flows to plant. 





POSITIVE CONTROL OF MATERIALS IN MOTION Gir} 


Providing Pure Water for the Magic City... 


INTEGRATED CONTROL EQUIPMENT 
FURNISHED BY 
SINGLE, RESPONSIBLE SOURCE! 


B-I-F equipment controls 100 MGD capacity at Miami’s new 
Alexander Orr, Jr. Water Treatment Plant. 


A vital part of the greater Miami water system, the modern Orr treatment 
plant is a complex operation where complete integration of all control equip- 
ment provides maximum operational efficiencies, economies, and reliability. 


B-I-F Industries, single, responsible supplier of all supervisory control, filter 
control, chemical feeding and related equipment, brought immediate and 
long term savings in both time and money. How? By providing better 
coordinating of efforts during the planning, installation and start-up stages 
of the project. For full particulars, contact any one of B-I-F’s nationwide 
sales and service offices, or write 

B-I-F industries, Inc., 365 Harris Ave., Providence, Rhode Island. 





—— 


B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE - PROPORTIONEERS - OMEGA 











Builders Master Control Panel serves as centralized Builders Rate-of-Flow Controller Compact Builders rubber- 
information center for operating entire plant. Panel and Diaphragm Pendulum Unit lined AWWA Butterfly 
provides supervisory control of well field, indicates provide simple, rapid rate-of-flow Valves are equipped for both 
all flows entering and leaving plant, indicates setting for economical filter opera- automatic and manual emer- 
amount of chemicals being fed, and pressures both tion. Self-actuated, these durable gency operation . have 
at plant and in downtown area. units conserve head, assure accurate many exclusive design fea- 

flow control tures for efficient “bubble- 

tight” operation, 
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“Rent vatten” is the motto of Erik 
The distinguished secretary 
of the Swedish As- 
sociation for Wa- 
ter Hygiene (pic- 
tured at left) was 
introduced to 
Harry E. Jordan 
last May, when 
both were attend- 
ing the meeting of 
the British Insti- 
tution of Water 
Engineers. Mr. Jordan insists that 
not only the name and the occupation, 
but even the face and manner of speak- 
ing, were familiar—seemed to remind 
him of someone 1958 
P&R, p- 36). 
Rent vatten? Clean water, of course. 
And what’s more, all the vatten you 
vant, vhen and vhere you vant it. 


Jonsson, 


(see December 


Daniel Bergsma has resigned as 
New Jersey state health commissioner 
to become associate director of medi- 
cal care for the National Foundation. 
Roscoe P. Kandle has been nominated 


to succeed him. 


Warren C. Westgarth, associate 
professor of sanitary engineering at 
Oregon State College, has left to en- 
gage in doctoral research in sanitary 
engineering at the University of North 
Carolina. 


Kenneth E. Shull, vice-president in 
charge of public relations and water 
quality control for Philadelphia Sub- 
urban Water Co., Bryn Mawr, Pa., 
has been appointed vice-president—re- 
search by the company. In his newly 
created position, he will formulate pro- 
grams and policies on water treatment 
and allied research. 


That women’s appreciation of wa- 
ter is both strong and constant is un- 
derlined by two which 
crossed our desk recently. The first, 
datelined Mar. 20, 1879, from Virginia 
City, Nev., read: 


news items 


The water company has planted a row 
of trees on B Street in front of their of- 
fice. This is in order that the clerks may 
be able to keep cool when old women 
come in to abuse them for cutting off their 
water. 


The second, datelined Jun. 22, 1959, 


from Durban, South Africa, noted: 


A crowd of 200 African women at the 
Kwa Mashu township northeast of Dur- 
ban proper demonstrated outside the mu- 
nicipal building and threatened to cut the 
water pipes that supply the town. The 
women protested the metering of water in 
the district. When they ignored orders to 
dispense, hurled three tear-gas 
shells. 


pe lice 


Public relations problems seem to 
have changed little over the years, and 
in their solution it is doubtful that the 


(Continued on page 114 P&R) 








MONTEREY SAND CO. 
Crystal Amber Gilter Sand & Gravel 
“‘The Standard of the Industry’’ 


In conformity with A.W.W.A. specifications for filtering material 
or made to your own specification. 


Shipped Bulk or in 100 Ib. bags. 
Filtration specialists for over 15 years 
P. O. Box 928, Monterey, Calif. — Inquiries Invited 
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Only with 
ORANGEBURG 
SP Plastic Pipe 
-can you offer 

a 20-year 
guaranty 


What a selling plus! And what a wonderful way to be sure of satisfied cus- 
tomers! Point out you use slit-proof Orangeburg SP—the only plastic pipe 
Guaranteed and Bonded for 20 years for cold water service. Under terms of 
the Bond, repairs or replacements (INCLUDING LABOR CosTS) due to failure 








of the pipe will be made at Orangeburg’s expense. The Bond will be made 
out in your customer’s name; for him to keep. After your SP installation 
is completed simply mail “Request for Bond’ Form to Orangeburg. After 
approval, Bond will be sent direct to your customer. Why not take advan- 





tage of this amazing Bond offer on your next job. See your Authorized 
Orangeburg Wholesaler or write Dept. JA-99. 


Approved for drinking water by National Sanitation Foundation 


ORANGEBURG MANUFACTURING CO. + Orangeburg, New York « Newark, California LI FE 
A Division of The Flintkote Company. Manufacturers of America’s Broadest Line of Building Products 
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modern scientific method of moving 
women to tears is nearly as effective 
as the old techniques. 


B. E. Payne, chief engineer of 
Louisville (Ky.) Water Co., has been 
named its general manager as the first 
step in a plan to curtail the powers and 
prerogatives of the now vacant com- 
pany presidency, an office that could 
become a political plum with its salary 
of $11,000 and the use of a mansion 
and Cadillac rent free. Under the 
plan proposed by Mayor Bruce Hoblit- 
zell, who is ex officio a director of 
the company, the presidency would no 
longer be a full-time job with operat- 
ing responsibility; instead, the chief 
engineer and general manager would 
be in charge of day-to-day operation, 
and the president would serve as chair- 





UNUSUAL OPPORTUNITY 


Expanding sales and re- 
search in our field of sewage 
and waste treatment and water 
purification has created open- 
ings in our staff for one senior 
and two junior sanitary engi- 
neers. 

These technical executives 
will be stationed at our plant 
and general offices in Aurora, 
Illinois. 

Write in complete confidence 
and in detail giving us all the 
information you feel we will 
require to lay the foundation 
for a personal interview. 


Office of the President 


THE AMERICAN WELL 
WORKS 


Aurora, Illinois 











man of the board, with his duties con- 
fined to policy making. Before the 
change in the president’s powers can 
take effect, the state legislature will 
have to pass an enabling act. Mean- 
while it is expected that the presiden- 
tial post will remain unfilled. 


The SEATO Graduate School of 
Engineering is being established in 
Bangkok, Thailand, under the auspices 
of the International Cooperation Ad- 
ministration. A comprehensive refer- 
ence library is planned. Engineering 
literature in the form of periodicals, 
books, manuals, microfilms, special re- 
ports, and the like is being solicited. 
Write: Dr. Maurice L. Albertson, Di- 
rector, Colorado State University Re- 
search Foundation, Fort Collins, Colo. 


Dwight D. Gross, consulting engi- 
neer, Board of Water Commissioners, 
Denver, Colo., died Jul. 9, 1959, at the 
age of 79. Born in Friend, Neb., he 
received a degree in civil engineering 
from Colorado A&M College in 1903. 
He joined the Denver Union Water 
Co. as concrete inspector, became a 
draftsman and field engineer in 1906, 
and was promoted to chief draftsman 
in 1919, shortly after the company was 
purchased by the city of Denver. He 
became chief engineer in 1926, a posi- 
tion he held until his retirement in 
1951. The largest project he super- 
vised was the construction of a $12,- 
000,000 reservoir and dam, which was 
named Gross Reservoir in 1955. 

An AWWA member since 1925, 
Mr. Gross received the Fuller Award 
in 1944 on nomination of the Rocky 
Mountain Section. He served the As- 
sociation as director from 1946 to 
1949 and became a Life Member in 
1955. He also belonged to ASCE. 
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Lerge illus- 
tration 
shows Sing!- 
use Fiber- 
form ready 
to be filled. 

. Filling plete 
ond collar 
simplify 
pouring 
concrete in- 
to form. 

- Completed 
meter box 
borrel. 

. Meter box 
with cover 
in plece. 


Water utilities that find vitrified or con- 
crete tile expensive or difficult to obtain, 
may now make their own barrels for 
outside meter settings with Ford Singl- 
use Fiberforms which are inexpensive and 
easy to use. Forms made for 15", 18" and 
20" 1D barrels and in lengths of 15", 18" 
and 24". Use two for deep settings. Send 
for full information. 


FOR BETTER WATER SERVICES 


THE FORD METER BOX COMPANY. INC. Weobosh, Indiana 





116 P&R 


DO YOUR 
Christmas 


I) 


SERVICE LINES Vol. 51, No.9 








Novelties 


ALL 


FEATURING A 


TWO-COLOR WILLING WATER 
ON THE RUN 


AW-1 Lapel 


(Scre 


Emblem. 
w Back) 


AW-2 Pin Emblem... 
(With Safety Catch) 


AW-3 Key Chain.... 
(With Spring Lock) 

AW-5 Zippo Lighter. . 
(Brush Finish) 


AW-8 Short 


ie Tie Clip. 


(Rhodium Plated) 


AW-9 Money Clip..... 
(Rhodium Plated) 


AW-10 Cuff Links... . 
(Rhodium Plated Discs) 


AW-11 Earrings 


(Scre 


w Type) 


AW-12 Knife-Money Clip 
(Rhodium Plated) 


Send Orders With Your Check 


or 


Money Order to: 


AMERICAN WATER WORKS 


2 Park Avenue 


ASSOCIATION 


New York 16, N.Y. 


Centrifugal pumps for all types of 
liquids and solid materials are the sub- 


| ject of a fully illustrated, 576-page book. 


Complete with performance curves, range 
charts, and other engineering data, the 
“Pic-A-Pump” catalog is designed to 
facilitate convenient selection of pumping 
units to meet specific requirements. Cop- 
ies are available only by contacting a dis- 
trict office or distributor of Allis-Chalmers 
Mfg. Co. Delivery will be made by a 
company representative. 


Clarifiers are discussed in a new, illus 
trated, 4-page bulletin, which describes 
equipment for coagulation, flocculation, 
sedimentation, and sludge removal. Bul- 
letin SM-1013 may be obtained from 
Process Engineers, Inc., 420 Peninsular 
Ave., San Mateo, Calif. 


Trenching equipment for service in- 
stallations is described in a 4-page, illus- 
trated brochure that discusses an automa- 
tic unit for digging trenches 2-3 in. wide 
and down to a 3-ft depth. Information 
on the “Davis Pup” is available from 


| Davis Mfg., Inc., 1301 S. Handley, 
Wichita, Kan. 


Valves are the subject of a 24-page, 
illustrated booklet that includes photo- 


| graphs, cutaway drawings, and complete 


specification data. This information is 
contained in Bulletin V-612, available on 
request from Rockwell Mfg. Co., Pitts- 
burgh 8, Pa. 


Fluid processing is discussed in a new 
16-page booklet that explains “Fluidics” 
—a scientific approach to the handling of 
liquids in industry. Bulletin 980 is avai!- 
able from Pfaudler Div. of Pfaudler Per 
mutit Inc., 1094 West Ave., Rochester, 
N.Y, 
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Armco Welded Stee! Pipe installed in pipe gallery of | Designers and Constructors: 
El Placer Water Purification Plant, Quito, Ecuador. | international, S.A. 


Armco Pipe and Welded Steel Fittings 
in Quito, Ecuador, Purification Plant 


Quito, Ecuador’s El Placer Purification Plant is one of the newest 
and most modern in South America. It serves a city of 225,000 
persons with its daily capacity of 14.5 million gallons, 

All piping in the pipe gallery of this plant is Armco Welded 
Steel Pipe with a coal-tar enamel lining. Fittings were fabricated 
from Armco Pipe by local welders. 

You, too, will find that Armco Pipe offers the economical, 
efficient solution to water treatment and transmission problems. 
Diameters range from 6 to 36 inches; wall thicknesses from %a- 
to 42-inch. Linings and coatings are to AWWA Standard C-203. 

Write us for the free descriptive folder, “Armco Steel Pipe 
Delivers All the Water You Pump.” Armco Drainage & Metal 
Products, Inc., 5649 Curtis Street, Middletown, Ohio. In Canada: 
write Guelph, Ontario. 


S&S R 


ARMCO DRAINAGE & METAL PRODUCTS 





Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND Divisions: Armco Division « Sheffield Divi- 
sion * The National Supply Company * The Armco international Corpo- 
ration *« Union Wire Rope Corporation * Southwest Steel Products 


I1 
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ADVERTISERS’ PRODUCTS 


V ol. 51, No.9 


Index. of Aduertisers’ Products 


Activated Carbon: 
Industria! Chemical Sales Div. 
Permutit Co. 


Activated Silica Generators: 
B-I-F Industries, Inc.—Omega 
Wallace & Tiernan Inc. 


Aerators (Air Diffusers): 
American Well Works 
Carborundum Co. 

General Filter Co. 

Permutit Co. 

Walker Process Equipment, Inc 
Air Compressors: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Worthington Corp. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Process 
Chemicals Dept. 

General Chemical Div., 
Chemical Corp. 


Allied 


Ammonia, Anhydrous: 

General Chemical Div., 
Chemical Corp. 

Jones Chemicals, Inc. 


Allied 


Ammonliators: 

B-I-F Industries, Inc 
eers 

Wallace & Tiernan Co., Inc 


Ammonium Silicofiuoride: 
American Agricultural Chemical Co 


Pre yportion- 


Brass Goods: 
American Brass Co. 





Low in cost—efficient in operation. 





Hays Mig. Co. 

Mueller Co. 

Brine-Making Equipment: 
International Salt Co., Inc. 


Calcium Hypochlorite: 

Jones Chemicals, Inc. 

Olin Mathieson Chemical Corp 
Carbon Dioxide Generators: 
Walker Process Equipment, Inc 
Cathodic Protection: 

Electro Rust-Proofing Corp. 


Cement Mortar Lining: 

Centriline Cor, 

Halliburton Oil Well Cementing Co 

Southern Pipe Div. of U.S 
tries 


Chemical Feed Apparatus: 

B-I-F Industries, Inc.—-Omega 

B-I-F Industries, Inc. 
eers 

Graver Water Conditioning Co. 

F. B. Leopold Co. 

Permutit Co. 

Precision Chemical Pump Corp. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Chemists and Engineers: 

(See Professiona! Services) 

Chlorination Equipment: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc 
eers 

Precision Chemical Pump Corp 

Wallace & Tiernan 


Iron and Manganese Removal Plus Water Softening . . . 
Automatically by lon-Exchange using Invercarb C-110 





Indus- 


Proportion- 


Proportion- 





Send for Particulars. 


Chlorine Comparators: 
Klett Mfg. Co. 
Wallace & Tiernan Inc 


Chlorine, Liquid: 

Jones Chemicals, Inc. 

Olin Mathieson Chemical Corp. 
Wallace & Tiernan Inc. 


Clamps and Sleeves, Pipe: 
James B. Clow & Sons 

Dresser Mfg. Div 

Ludlow Valve Mfg. Co., Inc. 
Mueller Co. 

A. P. Smith Mfg. Co 

Trinity Valley Iron & Steel Co. 


Clamps, Bell Joint: 
James B. Clow & Sons 
Dresser Mfg. Div. 


Clamps, Pipe Repair: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 


Clarifiers: 

American Well Works 

Chain Belt Co. 

Cochrane Corp 

Dorr-Oliver Inc 

General Filter Co 

Graver Water Conditioning Co. 
Infilco Inc 

Permutit Co 

Walker Process Equipment, Inc 
Coagulant Aids: 

Hagan Chemicals & Controls, Inc 
National Aluminate Corp 
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HOW OFTEN CAN YOU AFFORD 
MAINTENANCE DOWN -TIME ? 


SPECIFY DeZURIK VALVES 


Because DeZurik Valves are de- 
signed on an exclusive Eccentric Action 
principle, they operate easily ....every 
time, and shut dead-tight... . despite 
solids in the flow! 


Their rugged construction with- 
stands the toughest water works serv- 
ice. Their nickel seats last longer. 
They need no lubrication—no special 
care of any kind! 


When you want top performance 
in your plant....withan absolute min- 
imum of maintenance .... install 
DeZurik Valves. You'll get easier 
operation, tighter shut-off, longer life 
than you’ve had from any other valve. 


Available in sizes 1/2’ thru 
20’, with manual or a full line e U R I K 


of remote operators. Repre- 


sentatives in all principal CORPORATION 


cities or write for details. SARTELL, MINNESOTA 





120 P&R 


Condensers: 

Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 
Worthington Corp. 


Contractors, Water Supply: 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 

B-I-F Industries, Inc.—Builders 

Foxboro Co. 

Genera! Filter Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 


Copper Sheets: 
American Brass Co. 


Copper Sulfate: 

General Chemical 
Chemical Corp. 

Tennessee Corp. 

Corrosion Control: 

Calgon Co 

National Aluminate Corp 

Philadelphia Quartz Co 

Southern Pipe Div. of U.S. Indus- 
tries 


Div., Allied 


Couplings, Flexible: 

DeLaval Steam Turbine Co. 

Dresser Mfg. Div 

Southern Pipe Div. of U.S. Indus- 
tries 

E. H. Wachs Co. 


Covers, Vault: 
Ford Meter Box Co. 
E. H. Wachs Co. 


Desalinization Plants: 
Emhart Mfg. Co., Maxim Div. 


Diaphragms, Pump: 
Dorr-Oliver Inc 


Engineers and Chemists: 
(See Professional Services) 


Evaporating Equipment: 
Emhart Mig. Co., Maxim Div. 


Feedwater Treatment: 

B-I-F Industries, Inc.—Proportion- 
eers 

Calgon Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

National Aluminate Corp. 

Permutit Co. 


Ferric Sulfate: 
Tennessee Corp. 


Filter Materials: 
Anthracite Equipment Corp. 
Carborundum Co. 

Dicalite Div. 

General Filter Co. 
Johns-Manville Corp. 
Monterey Sand Co. 
Northern Gravel Co. 
Permutit Co. 

Stuart Corp. 


Filters, incl. Feedwater: 

B-I-F Industries, Inc.—Proportion- 
eers 

Dorr-Oliver Inc 

Graver Water Conditioning Co 

Permutit Co. 

Roberts Filter Mfg. Co 

Ross Valve Mfg. Co 


Filtration Plant Equipment: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Omega 

Chain Belt Co 

Cochrane Corp. 

Filtration ~7 Corp 

General Filter Co 

Golden-Anderson 
Co 


Valve Specialty 
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Graver Water Conditioning Co. 
Inc. 


Permutit Co. 

Roberts Filter Mfg. Co. 
Simplex Valve & Meter Co. 
Stuart Corp. 

Wallace & Tiernan Inc. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

Hays Mfg. Co. 

Mueller Co. 


Fittings, Tees, Elis, etc.: 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Dresser Mfg. Div. 
M & H Valve & Fittings Co. 
Morgan Steel Products, Inc 
Southern Pipe Div. of U.S 
tries 
Trinity Valley Iron & Steel Co 
United States Pipe & Foundry Co 
R. D. Wood Co. 


Flocculating Equipment: 
Chain Belt Co. 

Dorr-Oliver Inc 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc 

F. B. Leopold Co 

Permutit Co 

Stuart Corp 


Indus- 


Fluoride Chemicals: 
American Agricultural Chemica! Co 
Olin Mathieson Chemical Corp. 
Tennessee Corp. 
Fluoride Feeders: 
B-I-F Industries, Inc. 
B-I-F Industries, Inc 


Omega 
Proportion- 


eers 
Wallace & Tiernan Co., Inc. 


Furnaces: 
Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 

B-I-F Industries, Inc.—Builders 
Simplex Valve & Meter Co. 
Sparling Meter Co. 

Wallace & Tiernan Inc. 


Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

B-I-F Industries, Inc 

Foxboro Co 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


Builders 


Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
James B. Clow & Sons 
Johns-Manville Corp. 

Gates, Shear and Sluice: 
Armco Drainage & Metal Products, 


nc 
Chapman Valve Mfg. Co. 


James B. Clow & Sons 

Mueller Co 

R. D. Wood Co 

Gears, Speed Reducing: 

DeLaval Steam Turbine Co 

Worthington Corp 

Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mfg. Co 

Wallace & Tiernan Inc. 
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Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Mueller Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Hydrogen ton Equipment: 

Photovolt Corp. 

Wallace & Tiernan Inc. 

Hypochlorite; see Calcium 
Hypochlorite; Sodium Hy- 
pochlorite 

lon Exchange Materials: 

Chemical Process Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

National Aluminate Corp. 

Permutit Co 

Roberts Filter Mfg. Co 

Rohm & Haas Co. 

Iron, Pig: 

Woodward Iron Co 

Iron Removal Plants: 

American Well Works 

Chain Belt Co 

Cochrane Corp 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc 

Permutit Co. 

Roberts Filter Mfg. Co 

Walker Process Equipment, Inc. 

Jointing Materials: 

Johns-Manville Corp. 

Keasbey & Mattison Co. 

Leadite Co., Inc. 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Dresser Mfg. Div 

Southern Pipe Div. of U.S 
tries 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co 

R. D. Wood Co 

Leak Detectors: 

Aqua Survey & Instrument Co. 

Jos. G. Pollard Co., Inc. 

Lime Slakers and Feeders: 

B-I-F Industries, Inc.—Omega 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Permutit Co 

Wallace & Tiernan Inc 

Locators, Pipe & Valve Box. 

Aqua Survey & Instrument Co. 

W. S. Darley & Co 

Jos. G. Pollard Co., Inc. 

Magnetic Dipping Needles: 

Aqua Survey & Instrument Co. 

W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div 

Meter Couplings and Yokes: 

Badger Meter Mfg. Co. 

Dresser Mfg. Div 

Ford Meter Box Co. 

Gamon Meter Div., 
Corp. 


Indus- 


Worthington 
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Rodney Hunt gates of tough Everdur withstand 
bleach-plant acid and pulp-mill wastes 





Settling tanks of one of the first industrial waste-treatment plants in the paper industry at the Coving- 
ton, Va., plant of West Virginia Pulp and Paper Co. Everdur was specified for mixing-chamber gates to 
resist corrosion by bleach-plant acids and pulp-mill wastes. 


Resists corrosion. Sewage treatment and 
waterworks equipment of Everdur* has 
been in service without replacement for 20 
years and longer. 

Toughness. Everdur also possesses high 
strengcth and resistance to wear and abrasion 
—so that engineers can use lighter weight 
wrought material in their designs. 

Readily fabricated. Alloys of Everdur are 
available for hot or cold working, welding, 
free machining, forging and casting and 
can be obtained in piates, sheets, rods, bars, 
angles, channels, tees, I-beams, wire, tubes, 
electrical conduit and casting ingots. 

Write for Publication E-11, “Everdur Cop- 
per-Silicon Alloys for Sewage Treatment and 
Waterworks Equipment” — or for technical 
help in selecting the correct material for your 
ricated of Everdur, each 48” wide job. Address: The American Brass yom sae 
high. The slide is a sheet of Everdur, rein- Waterbury 20, Conn. In Canada: Anaconda 
forced by Everdur angles braze-welded in American Brass Limited, New Toronto, Ont. 
place. Frame and 2” stem also of Everdur *Reg. U.S. Pat. Off 57131 


3 re sng 7 
EVERDUR Anaconda’s family of Copper-Silicon Alloys | 
| STRONG - WORKABLE . WELDABLE - CORROSION RESISTANT _ 


One of a pair of mixing-chamber gates fab 


Spree ie are 
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Hays Mig. Co. 

Hersey Mig. Co. 

Mueller Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div 

Meter Reading and Record 
Books: 

Badger Meter Mfg. Co. 

Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Calmet Meter Div., 
Corp. 

Gamon Meter Div., Worthington 
Corp. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

B-I-F Industries, Inc.—Builders 

Foster Eng. Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Meters, Industrial, 
celal: 

Badger Meter Mfg. Co. 

B-I-F Industries, Inc.—Builders 

Buffalo Meter Co. 

Burgess-Manning Co., 
struments Div 

Calmet Meter Div., 
Corp 

Gamon 
Corp. 

Hersey Mfg. Co. 

Neptune Meter Co 

Pittsburgh Equitable Meter Div. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Mixing Equipment: 

Chain Belt Co. 

General Filter Co. 

F. B. Leopold Co. 

Motors, Electric: 

Allis-Chalmers Mfg. Co. 

Ideal Electric Co 

Worthington Corp. 

Paints: 

Inertol Co., Inc. 

Koppers Co., Inc 

Plastics & Coal Chemicals 
Allied Chemical Corp. 

Wilbur & Williams Co., Inc. 

Pipe, Asbestos-Cement: 

Johns-Manville Corp. 

Keasbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron (and Fittings) : 

Alabama Pipe Co 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co 

Pipe, Cement Lined: 

American Cast Iron Pipe Co 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Southern Pipe Div. of 
tries 

United States Pipe & Foundry Co 

R. D. Wood Co 

Pipe, Concrete: 

American Concrete Pressure Pipe 
Assn. 


Worthington 


Commer- 


Penn In- 
Worthington 
Meter 


Div., Worthington 


Div., 


U.S. Indus- 


ADVERTISERS’ PRODUCTS 


American Pipe & Construction Co. 

Lock Joint Pipe Co. 

Vulcan Materials Co. 

Pipe, Copper: 

American Brass Co. 

Pipe, Plastic: 

American Hard Rubber Co. 

Morgan Steel Products, Inc. 

Orangeburg Mig. Co., Div. of The 
Flintkote Co. 

Pipe, Steel: 

Armco Drainage & Metal Products, 


c. 

Bethlehem Steel Co. 

Morgan Steel Products, Inc. 

Southern Pipe Div. of U.S. Indus- 
tries 

Pipe Cleaning Services: 

Centriline Corp. 

National Water Main Cleaning Co. 

Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

American Hard Rubber Co. 

Cast Iron Pipe Research Assn. 

Centriline Corp. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 

Reilly Tar & Chemical Corp 

Shell Chemical Corp 

Southern Pipe Div. of U.S. Indus- 


tries 
Wilbur & Williams Co., Inc. 
Pipe Cutters: 
James B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Pilot Mfg. Co. 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 
E. H. Wachs Co. 
Pipe Jointing Materials; 
Jointing Materials 
Pipe Locators; see Locators, 
Pipe 
Plugs, Removable: 
James B. Clow & Sons 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 
Potassium Permanganate: 
Carus Chemical Co. 
Pressure Regulators: 
Allis-Chalmers Mfg. Co. 
Foster Eng. Co. 
Golden-Anderson Valve Specialty Co. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 
C. H. Wheeler Mfg. Co. 
Pumps, Chemical Feed: 
B-I-F Industries, Inc.—Proportion- 
eers 
Precision Chemical Pump Corp. 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc. 
Peerless Pump Div. 
Pumps, Diaphragm: 
Dorr-Oliver Inc. 
W. S. Rockwell Co 
Wallace & Tiernan Inc 
Pumps, Hydrant: 
W. S. Darley & Co 
Jos. G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Peerless Pump Div. 
Ross Valve Mfg. Co. 
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Pumps, Sewage: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 

Pumps, Sump: 

DeLaval Steam Turbine Co. 

Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 

Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Fiese & Firstenberger 

Layne & Bowler, Inc. 

Peerless Pump Div. 

Recorders, Gas Density, CO,;, 
NHz, SO>, ete.: 

Permutit Co. 

Wallace & Tiernan Inc. 

Recording Instruments: 

B-I-F Industries, Inc.—Builders 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Wallace & Tiernan Inc. 

Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Sand Expansion Gages; 
Gages 

Sleeves: see Clamps 

Sleeves and Valves, Tapping: 

James B. Clow & Sons 

Ludlow Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co 

Rensselaer Valve Co 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Infilco Inc. 

Permutit Co 

Sodium Aluminate: 

National Aluminate Corp. 

Sodium Chloride: 

International Salt Co., Inc. 

Sodium Fluoride: 

American Agricultural Chemical Co 

Sodium Hexametaphosphate: 

Calgon Co 

Sodium Hypochlorite: 

Jones Chemicals, Inc. 

Wallace & Tiernan Inc. 

Sodium Silicate: 

Philadelphia Quartz Co. 

Sodium Silicofluoride: 

American Agricultural Chemical Co 

Tennessee Corp. 

Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon Co. 

General Filter Co. 

International Salt Co., Inc. 

National Aluminate Corp. 

Permutit Co 

Tennessee Corp 

Standpipes, Steel: 

Bethlehem Steel Co 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 
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PHOTOVOLT 
pH Meter Mod. 115 


A full-fledged 
‘ine- operated 
HH Meter 
af remarkable 
accuracy 
and stability 
at the low 








®@ SIMPLE IN OPERATION AND MAINTENANCE 
® FAST‘AND DEPENDABLE IN SERVICE 


Write for Bulletin #225, also for literature on other 
Line-Operated and Battery-Operated Photovolt pH Meters 


) NEW YORK 16, N. Y. ae 


tN tan wae ed cmdline Am sleabiiallbe 
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Hammond Iron Works 

Pittsburgh-Des Moines Steel Co 

Steel Plate Construction: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Morgan Steel Products, Inc. 

Pittsburgh-Des Moines Steel Co. 

Stops, Curb and Corporation: 

Ford Meter Box Co. 

Hays Mfg. Co. 

Mueller Co. 

Storage Tanks: see Tanks 

Strainers, Suction: 

James B. Clow & Sons 

R. D. Wood Co. 

Surface Wash Equipment: 

Golden-Anderson Valve Specialty 
Co. 

Permutit Co. 

Swimming Poo! Sterilization: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Wallace & Tiernan Inc 

Tank Painting and Repair: 

Koppers Co., Inc. 

National Tank Maintenance Corp 

Taylor Iron Works 

Wilbur & Williams Co., Inc 

Tanks, Prestressed Concrete: 

Preload Co., Inc. 

Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Hammond Iron Works 

Morgan Steel Products, Inc. 

Pittsburgh-Des Moines Steel Co. 

Taylor Iron Works 

Tapping-Drilling Machines: 

Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Tapping Machines, Corp.: 

Hays Mfg. Co. 

Mueller Co. 

Taste and Odor Removal: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Proportion- 
eers 

General Filter Co. 

Graver Water Conditioning Co. 

Industrial Chemical Sales Div. 

Permutit Co. 

Wallace & Tiernan Inc. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc. 

Turbines, Steam: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Turbines, Water: 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Trinity Valley Iron & Steel Co. 

R. D. Wood Co. 

Valve-Inserting Machines: 

Mueller Co. 

A. P, Smith Mfg. Co. 


ADVERTISERS’ PRODUCTS 


Valves, Altitude: 

Allis-Chalmers Mig. Co., Hydraulic 
Div. 

Golden-Anderson Valve Specialty Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 

Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div. 

B-I-F Industries, Inc.—Builders 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

DeZurik Corp. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., 
ton 

Henry Pratt Co. 

W. S. Rockwell Co. 

R D. Wood Co. 

Valves, Detector Check: 

Hersey Mfg. Co. 

Valves, Electrically Operated: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div. 

B-I-F Industries, Inc.—Builders 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co 

A. P. Smith Mfg. Co 

Valves, Float: 

James B. Clow & Sons 

Golden-Anderson Valve Specialty Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc: 

Valves, Gate: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co 

W. S. Rockwell Co 

A. P. Smith Mfg. Co 

R. D. Wood Co. 


Valves, Hydraulically Oper- 


Baldwin-Lima-Hamil- 


ated: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div 

B-I-F Industries, Inc.—Builders 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

F. B. Leopold Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., 
ton 

Henry Pratt Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co 


Baldwin-Lima-Hamil- 
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Valves, Large Diameter: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div. 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., 
ton 

Henry Pratt Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Regulating: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div 

DeZurik Corp. 

Foster Eng. Co. 

Golden-Anderson Valve Specialty Co. 

Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co 

Ross Valve Mfg. Co. 

Valves, Swing Check: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co 

W. S. Rockwell Co 

4. P. Smith Mfg. Co 

R. D. Wood Co 

Venturi Tubes: 

B-I-F Industries, Inc.—Builders 

Simplex Valve & Meter Co. 

Waterproofing: 

Inertol Co., Inc 

Koppers Co., Inc 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. ’ 

Wilbur & Williams Co., Inc. 

Water Softening Plants; 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

LaMotte Chem. Products Co. 

Wallace & Tiernan Inc 

Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Dorr-Oliver Inc 

General Filter Co 

Graver Water Conditioning Co. 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Well Reconditioning 
Formation Testing: 

Halliburton Oil Well Cementing Co. 

Layne & Bowler, Inc 

Wrenches, Ratchet: 

Dresser Mfg. Div 

Zeolite: see 
Materials 


Baldwin-Lima-Hamil- 


and 


Ion Exchange 








A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1957 AWWA Directory. 
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Like Atlanta, Ga., you too can meet tomorrow’s increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 


better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow's expansion without 
capital expenditure today! We can prove that Netional 
cleaning is an investment—not an expense. 


Write us today! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street °* New York, N.Y. 


333 Candler Building, Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Ill.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Crescent St., 
Fiandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bidg., Minneapolis 1, Minn.; 510 Standard Oil Bldg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; 502 West 3rd South, Salt Lake City 10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
Montreal, Canada; 576 Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5, Bogota, Colombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquinaria, Apartado 2184, San Juan 10, Puerto Rico; Bolivar 441-A, Marafi., Lima, Peru 





From the world’s most modern water meter plant. 





Rockwell disc meters are made and tested to exactin 
standards in this modern $2-'2 million water mete 
plant. Warehouse stocks at key locations across th 
country provide prompt, off-the-shelf delivery. 


THE BEST 
DISC METERS 
YOU CAN BUY 


For all these good reasons 


Rockwell disc meters are made with costly stainless 
steel trim to assure corrosion resistance and durabil- 
ity. Their construction includes a patented “‘O”’- 
ring stuffing box assembly which stops leaks, binds, 
troubles and expense. Another extra value is the 
large red center test hand on all registers which pro- 
vides a closer check on accuracy and a convenient 
means for determining leaks on customer’s prem- 
ises. And even parts for Rockwell disc meters are 
neatly packaged in convenient quantities to stack 
on shelves—eliminate the need for bulky bins— 
simplify inventory control and reordering. All this 
adds up to better disc meter values and service for 
you. Write today for latest bulletins. Rockwell 
Manufacturing Company, Pittsburgh 8, Pa. 


Tropic Type 


DISC TYPE WATER METERS 


. another fine product by Gi) 
Arctic Type 


ROCKWELL 








g Engineers: Freese & N 


C. H. Leavell & 


NOW FORT WORTH PROVIDES 


FOR DROUGHT PROTECTION 


The 50 MGD South Holly plant provides Fort. Worth, Texas, with 
one of the nation’s most modern water treatment systems. It was 
recently constructed at a cost of $5,621,000. The plantis designed 
for future expansion, which can double its present capacity. 

Interesting features cf the installation are the six 124’ 2” square 
Dorrco cross-flow Squarex Clarifiers for continuous sludge re- 
moval from three parallel rectangular sedimentation basins, 
shown in the photo above. Other plant components include a 
chemical building, two 6 MG clear wells and a high service pump 
station. 

As in so many other water treatment facilities across the 
country, the engineers for this project realized maximum effi- 
ciency and economy of design in the wide choice offered by Dorr- 
Oliver equipment. For complete information, write for a copy of 
Bulletin No. 9141.to Dorr-Oliver Incorporated, Stamford, Conn. 


SQUAREX J DORRCO — T. M. Reg. U. S. Pat. Of. 


Dorrco and FluoSolids — T.M. Reg. U. S. Pat. Off 
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WORLD - WIDE RESEARCH ~~ 


CONNECTEIS 





‘Jointed for . . . 
Permanence 


with LEADITE 


eee eee — 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “‘jointing material’’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


The pioneer self-caulking material fer c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75% 
THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 





— 





